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ABSTRACT
Context. The availability of large spectroscopic datasets has opened up the possibility of constructing large samples of rare objects in
a systematic manner.
Aims. The goal of this study is to analyse the properties of galaxies showing Wolf-Rayet features in their optical spectrum using
spectra from the Sloan Digital Sky Survey Release 6. With this unprecedentedly large sample we aim to constrain the properties of
the Wolf-Rayet phase and its impact on the surrounding interstellar medium.
Methods. We carried out very careful continuum subtraction on all galaxies with equivalent widths of Hβ > 2Å in emission and iden-
tify Wolf-Rayet features using a mixture of automatic and visual classification. We combined this with spectroscopic and photometric
information from the SDSS and derive metal abundances using a number of methods.
Results. We find a total of 570 galaxies with significant Wolf-Rayet (WR) features and a further 1115 potential candidates, several
times more than even the largest heterogeneously assembled catalogues. We discuss in detail the properties of galaxies showing Wolf-
Rayet features with a focus on their empirical properties. We are able to accurately quantify the incidence of Wolf-Rayet galaxies with
redshift and show that the likelihood of otherwise similar galaxies showing Wolf-Rayet features increases with increasing metallicity,
but that WR features are found in galaxies of a wide range in morphology. The large sample allows us to show explicitly that there are
systematic differences in the metal abundances of WR and non-WR galaxies. The most striking result is that, below EW(Hβ)= 100Å,
Wolf-Rayet galaxies show an elevated N/O relative to non-WR galaxies. We interpret this as a rapid enrichment of the ISM from WR
winds. We also show that the model predictions for WR features strongly disagree with the observations at low metallicity; while they
do agree quite well with the data at solar abundances. We discuss possible reasons for this and show that models incorporating binary
evolution reproduce the low-metallicity results reasonably well. Finally we combine the WR sample with a sample of galaxies with
nebular He ii λ4686 to show that, at 12 + log O/H < 8, the main sources of He ii ionising photons appears to be O stars, arguing for a
less dense stellar wind at these metallicities, while at higher abundances WN stars might increasingly dominate the ionisation budget.
Key words. Stars: Wolf-Rayet – Galaxies: abundances – Galaxies: evolution – Galaxies: starburst – Galaxies: fundamental parameters
1. Introduction
The presence of features originating from Wolf-Rayet stars in
the spectra of galaxies provide considerable information on the
recent star formation activity in these systems and can be used
to study the properties of the Wolf-Rayet stars and place strong
constraints on the massive end of the initial mass function (IMF).
Wolf-Rayet features in galaxy spectra are interesting because the
first Wolf-Rayet stars typically start to appear about 2×106 years
after a star formation episode and disappear within some 5× 106
years. Thus they provide a high-resolution temporal tracer of the
recent star formation activity of a galaxy.
Galaxies containing the signatures of Wolf-Rayet stars have
been known for several decades. Beginning with the first detec-
tion of Wolf-Rayet features in the galaxy He 2-10 by Allen et al.
(1976), a number of these galaxies have been reported, some
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in systematic searches (e.g. Kunth & Joubert 1985), but mostly
serendipitously. In fact the first early reports of the detection of
Wolf-Rayet stellar features in galaxy spectra were incidental re-
sults from studies of starbursting low-metallicity galaxies, typi-
cally blue compact dwarfs, aiming at obtaining spectra of high
S/N for deriving the primordial He abundance (Kunth & Sargent
1983). Kunth et al. (1981) realised from their first spectra of
NGC 3125 that the presence of Wolf-Rayet stars provides a pow-
erful constraint on the recent star formation in a galaxy. Soon af-
ter these discoveries, the term “WR galaxy” was introduced by
Osterbrock & Cohen (1982) and Conti (1991). This term should
be used with caution, however, since the distance of the object
and the spatial extension of the observation may by referred to
as “extragalactic HII regions” that are typical of the outskirts
of spiral galaxies or quite frequently to the nucleus of a power-
ful starburst. The properties and importance of these phenomena
in both cases are completely different (in terms of metallicity,
luminosity, number of WR stars, etc.). As a consequence the
WR galaxy definition hides a loose concept. WR galaxies are
found among a very wide variety of morphological types rang-
ing from low-mass, blue compact low-metallicity dwarf galaxies
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to massive spirals, luminous mergers, IRAS galaxies and even
LINERS or Seyfert 2 (Ho et al. 1995; Heckman & Leitherer
1997; Contini et al. 2001).
The possibility that WR stars are seen in central cluster
galaxies has been reported by Allen (1995). The use of Wolf-
Rayet galaxies to constrain the recent star formation should be
seen in the context of other techniques and indeed in the con-
text of the other properties of galaxies. Despite these drawbacks
we shall refer to the WR galaxy nomenclature for simplicity.
Since the compilation of Conti (1991) that included 37 objects,
the most recent catalogues are from Schaerer et al. (1999b) and
Guseva et al. (2000) with more than 130 objects and the study
using SDSS by Zhang et al. (2007) which includes 174 objects
and is currently the largest survey for WR galaxies, although as
we will see only 101 of these satisfy the criteria to be included
into our sample.
Observationally most, if not all, WR galaxies are identified
whenever their integrated spectra show a broad He ii λ4686Å
emission feature that is thought to originate in the stellar
winds of these WR stars. Additional features are also found,
for instance N iii λ4640Å and/or C iii/iv λ4650Å as well as
C iv λ5808Å that was shown to be present in many cases
(Schaerer et al. 1999a) and originate from WN and WC stars.
Most recent studies have attempted to reproduce the number of
WR stars responsible for the observed stellar emission features.
The model predictions for this are strongly dependent on metal-
licity as stellar winds show a strong metallicity dependence (e.g.
Nugis & Lamers 2000). Simple calculations involving the Hβ
emission line combined with the strength of the so-called WR
bump at λ4686Å already give a hint (Kunth & Sargent 1981),
but more refined theoretical evolutionary models predict that at
fixed metallicity the WR/O ratio strongly varies with the age
of the starburst (Mas-Hesse & Kunth 1991; Maeder & Meynet
1994; Schaerer & Vacca 1998). It is found that this ratio reaches
a maximum of 1 for solar metallicity but decreases to 0.02 when
the metallicity decreases to Z⊙/50. This latter point remains a
concern in the sense that it does not quite reproduce the obser-
vational fact that some low metallicity starburst galaxies such
as I Zw 18 contain a WR population that largely outnumbers
model predictions (Legrand et al. 1997; de Mello et al. 1998),
forcing one to envisage other channels for the WR phase (such
as the binary channel hypothesis), revise the models or ques-
tion the adopted luminosity of the WCE stars in metal-poor
models (Fernandes et al. 2004). On the high metallicity side,
Pindao et al. (2002) in contrast find too low a I(WRbump)/I(Hβ)
ratio compared with model predictions, suggesting again that
WR luminosities are not correctly calculated. The model pre-
dictions have recently been contrasted with observed broad WR
emission features by Fernandes et al. (2004) and the applica-
tion of existing models to a sample of WR galaxies from the
SDSS was shown to imply significant modifications of the IMF
by Zhang et al. (2007), which might equally be taken to indicate
significant problems with the current sample of models. We re-
turn to this issue in Section 10.
While interesting in their own rights most of the galax-
ies under investigation here show very strong star forma-
tion activity with many showing SFR/M∗ similar to that of
high redshift Lyman-break galaxies (e.g. Steidel et al. 2001,
2003; Shapley et al. 2003). Several of these galaxies are found
to show potential Wolf-Rayet spectral features, in particu-
lar the He ii λ1640Å feature (e.g. Lowenthal et al. 1991, 1997;
Kobulnicky & Koo 2000; Shapley et al. 2003), hence the present
compilation might be suitable as a local comparison sample.
In addition there is mounting evidence that the progenitors
of long gamma-ray burst (GRB) events are related to the Wolf-
Rayet phase (e.g. Woosley & Bloom 2006) and Hammer et al.
(2006) were able to show that nearby gamma-ray burst host
galaxies often show Wolf-Rayet stars, although these do not
necessarily coincide with the location of the gamma-ray bursts.
Since studies of Wolf-Rayet galaxies allow one to place con-
straints on the models for massive star evolution they may also
provide insight into the properties of GRB progenitors. However
to achieve this it is essential that the sample of Wolf-Rayet galax-
ies has a well characterised selection function and covers a wide
range in metallicity and star-burst age. In previous studies the
emphasis has often been on heterogeneous samples, and even
when the sample selection is clearly stated, the samples have
been selected to contain only systems with high equivalent width
Balmer lines. Metal-rich galaxies are known to be on average
more massive (Tremonti et al. 2004) so this would bias against
metal rich galaxies.
In this paper we carry out a survey for Wolf-Rayet fea-
tures in galaxies covering a very wide range in properties us-
ing the Sloan Digital Sky Survey Data Release 6 (SDSS DR6,
Adelman-McCarthy et al. 2008). We introduce the data we use
in Section 2 and discuss our pre-selection of candidates with
Wolf-Rayet emission features in Section 3. Our method to mea-
sure Wolf-Rayet features is outlined in Section 4 where we ver-
ify that the distribution of line widths is similar to that seen in
Galactic and Magellanic WR stars. Section 5 describes the over-
all properties of the sample and place it in the context of the
full SDSS. The abundance of Wolf-Rayet galaxies with redshift
is discussed in Section 6 and their emission line properties in
Section 7. We discuss evidence of large-scale pollution of the
host galaxy ISM by WR winds in Figure 9. The modelling of
WR features in galaxies is discussed in Section 10. We conclude
in Section 11.
2. Data
We base our search for Wolf-Rayet galaxies on the Sloan Digital
Sky Survey (SDSS, York et al 2000). The SDSS uses a dedi-
cated 2.5m telescope (Gunn et al. 2006) and obtains five-band
images using a drift-scan technique (Gunn et al. 1998) and spec-
tra using a double-barred fibre spectrograph with 3” fibre aper-
tures and a total of 640 fibres per plate. The tiling algorithm
used is discussed in Blanton et al. (2003), the photometric sys-
tem by Fukugita et al. (1996) and the photometric calibration is
discussed in Smith et al. (2002a) and Tucker et al. (2006). The
photometric stability is monitored using a dedicated set-up dis-
cussed by Hogg et al. (2001) and objects are detected using the
Photo pipeline discussed in Lupton (2008). The astrometric pre-
cision is better than 0.1 arcseconds for the objects considered
here (Pier et al. 2003).
We take as starting point the SDSS Data Release 6
(Adelman-McCarthy et al. 2008) which contains a total of
1,271,680 spectra. Our analysis method is optimised for nor-
mal galaxy spectra so we limit our sample to spectra that
are classified by the SDSS pipeline to be a galaxy spectrum
(SPECTROTYPE=’GALAXY’). This excludes all QSOs and essen-
tially all Type 1 Seyferts. Note also that we do include duplicate
observations, a total of 91,825, and will use these below. These
initial cuts reduce our sample to 796,912 spectra.
We also require that the equivalent width of Hβ in emission
is > 2Å. This leads to a total of N = 307, 210 spectra. We do
not impose a signal-to-noise (S/N) cut, but 96% of these spectra
have Hβ detected at S/N > 3. For the analysis of the ionisation
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properties of the galaxies we need to apply a S/N cut and define
a sub-sample where the spectra have S/N > 3 in Hβ, [O iii]5007,
Hα and [N ii]6584, after the uncertainty estimates are adjusted
as discussed in section 2.1. This sub-sample contains 224,939
spectra.
The minimum requirement of EW(Hβ)> 2Å, ensures that al-
most all spectra under consideration have significant emission
lines present and/or a weak continuum. One might worry that
this could lead us to miss a significant number of spectra with
Wolf-Rayet features. By extrapolating the trend of number of
spectra with WR features versus EW(Hβ) shown in Figure 7 be-
low we estimate that less than 10 (0.002%) spectra with Wolf-
Rayet features are excluded by this cut.
While the SDSS database is a unique resource, it is well
worth pointing out that it is not optimally suited for the study
of low redshift galaxies. This is in part because the low wave-
length cut-off of the spectrograph is ∼ 3800Å, which means that
the important [O ii] 3727 line falls outside the spectral range for
z < 0.02. As pointed out by Kniazev et al. (2004) this can to
some extent be remedied by using the [O ii] 7320,7330 quadru-
plet instead, but this is a much weaker line. Furthermore, the
spectroscopic target selection is done in the r-band and while this
ensures a fairly good sampling of the galaxy population based on
their stellar content, it will include fewer strongly star-forming
systems, such as the galaxies showing Wolf-Rayet features dis-
cussed here, than, for example, a B-band selection.
Finally, the SDSS spectroscopic target selection is done
based on an analysis of the SDSS images using the Photo
pipeline, which detects objects using a sophisticated segmenta-
tion routine. This works very well in general, but for the strongly
star forming systems we are interested in here, the galaxies
might be split into several separate objects by the segmentation
process.
A careful re-analysis of the images is beyond the scope of
this paper but is discussed by Blanton et al. (2005). What con-
cerns us is that the spectra frequently target the brightest H ii re-
gions in nearby galaxies, often significantly displaced from the
galaxy centre and we will return to this issue below.
The spectra of all target galaxies have been re-analysed using
the two-step procedure outlined in Appendix A. This is based on
the pipeline discussed by Tremonti et al. (2004, hereafter T04)
and the resulting fits are then refined to provide flux and equiv-
alent width measurements for 40 emission lines, as well as con-
tinuum indices and other derived parameters.
2.1. Empirical adjustment of uncertainty estimates
The SDSS pipeline provides an uncertainty estimate for each
pixel in a spectrum including internal error sources such as
Poissonian noise from the sky and detectors. These uncertainty
estimates do, however, not include external error sources such
as uncertainties in the overall flux calibration and in the contin-
uum subtraction. To accurately check and adjust the uncertainty
estimates one needs duplicate observations of galaxies.
The SDSS targets some galaxies twice to allow for system-
atic checks of this kind, as first exploited by Go´mez et al. (2003).
The SDSS DR6 contains 86,156 duplicate observations of galax-
ies, and we use these to adjust the standard uncertainty estimates.
To compare two spectra of the same galaxy we calculate:
∆N =
f first − f second√
σ2first + σ
2
second
, (1)
where f stands for the line flux and σ represents the associated
formal uncertainty. Assuming Gaussian noise, ∆N should be a
normal random variable with a standard deviation of 1 if the er-
ror estimates are accurate. We use the difference between the ob-
served spread and that expected to determine correction factors
to the uncertainty estimates. The typical corrections to the un-
certainty estimates are 20–50% for forbidden lines and a factor
of 2–2.5 for Balmer lines and for [O ii] 3727.
2.2. Internal dust attenuation
The spectra are corrected for Galactic attenuation using the
Schlegel et al. (1998) dust maps before running the fitting
pipeline. To adjust for internal attenuation we use the standard
approach of comparing the ratio Hα/Hβ to the expected Case
B value. We use the Case B value appropriate for the value of
Te estimated as discussed in the following section. We assume
a simple, τ ∝ λ−1.3, dust law as advocated by Charlot & Fall
(2000). The details of the dust correction do not influence the re-
sults below, nearly identical results would be obtained if a fixed
Hα/Hβ ratio was assumed.
While this recipe for dust correction is sufficient for nebular
emission lines, it is not entirely clear whether it is appropriate
to assume the same dust attenuation for the Wolf-Rayet features
as for the nebular lines. In the following we will assume that the
attenuation at Hβ and the blue bump is the same. This is likely to
give an upper limit to the attenuation of the Wolf-Rayet bump.
2.3. Abundance measurements
Since our sample spans a wider range in galaxy properties than
is normally encountered in Wolf-Rayet galaxy studies it is more
complicated to estimate element abundances in a uniform way
for all galaxies. At low metallicity it is common to deduce the
electron temperature, Te, from the [O iii]4363/[O iii]4959,5007
ratio and derive the oxygen abundance from the [O ii] and
[O iii] lines — the so-called “direct” method or Te method. At
higher metallicity one might use one of several “strong-line”
methods which are calibrated on photoionisation models (e.g.
Osterbrock 1989; Charlot & Longhetti 2001; Kewley & Dopita
2002). However it is now well-known that there is a systematic
offset between strong-line method and the Te estimates of oxy-
gen abundance (e.g. Kennicutt et al. 2000, 2003; Pilyugin 2000;
Bresolin 2007). Thus there is no generally accepted method to
estimate oxygen abundances for all abundance regimes and sig-
nificant differences can be found between methods as discussed
in detail by Kewley & Ellison (2008).
We therefore tabulate a number of different abundance esti-
mators for our objects to allow us to check how our results de-
pend on the chosen estimator, we have adopted one representa-
tive of the three main classes of estimators, the direct method, the
strong-line method and the empirically calibrated estimators. For
all low-metallicity objects with detected [O iii] λ4363Å, we use
the Te method based on the formulae presented by Izotov et al.
(2006) to estimate element abundances. For all galaxies we also
calculate oxygen abundances using the Bayesian method dis-
cussed in T04 and B04; we will refer to these as CL01 abun-
dances (a comparison with other methods is shown in T04). We
also estimate oxygen abundances using the N2 method proposed
by Pettini & Pagel (2004, hereafter PP) and will refer to these as
PP abundances in the following.
We have also verified that the results below do not change
significantly if the PP O3N2 estimator, the [N ii]/[O ii] estimator
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advocated by Kewley & Dopita (2002) or the P-method devised
by Pilyugin (2000) are used instead, although slight changes do
occur.
Unless otherwise stated we will in the following adopt Te
abundances for low-metallicity systems and CL01 abundances
for the rest as a reference estimate. Specifically we adopt Te es-
timators when they give O/H< 8.3 and the S/N in [O iii]4363
is > 5. Otherwise we assign the CL01 oxygen abundances ad-
justed by subtracting off a linearly varying offset which is −0.05
at 12 + log O/H = 8.2 and 0.3 dex at 12 + log O/H = 8.5. We
will refer to this as the mixed abundance estimator.
We arrived at this simple correction by comparing CL01
abundances for the H ii regions in Kennicutt et al. (2003) with
Te abundances, requiring a continuous mass-metallicity relation
and also taking into account the offsets seen in the comparison
with Te estimators by Yin et al. (2007).
3. Identifying Wolf-Rayet features
The main Wolf-Rayet features seen in the optical spectra of
galaxies are two broad emission features: the blue bump around
4600–4680Å and the red bump around 5650–5800Å. As men-
tioned in the introduction, the blue bump is primarily composed
of lines from N iii, N v, C iii/iv and a broad He ii emission line at
4686Å.
These broad features do vary significantly in appearance, re-
flecting the strong variation in the relative emission line strength
and velocity broadening seen in individual Wolf-Rayet stars.
As a consequence the accurate measurement of the flux in WR
bumps requires some care. Furthermore a number of nebular
emission lines are often superposed on the Wolf-Rayet features
making the disentangling of the individual fluxes rather chal-
lenging.
To identify candidate Wolf-Rayet galaxies we calculate the
excess flux above the best-fit continuum in regions around the
main Wolf-Rayet features. The features are typically weak and
depend sensitively on the continuum estimation so a visual
inspection is a necessary final step in this procedure to deal
with false positives. However, it is necessary to have a semi-
automated method to identify candidate Wolf-Rayet features in
large, N > 105, spectroscopic surveys.
Our approach is to first estimate the continuum doing a
non-negative least-squares combination of single burst template
spectra from the Bruzual & Charlot (2003, , BC03) library. We
use a special version provided by Bruzual & Charlot (priv.
comm.), updated with empirical stellar spectra from the MILES
spectral library (Sa´nchez-Bla´zquez et al. 2006). The method
is essentially the same as that used in T04 and B04 but no
smooth component is added to the spectral fit as this would of-
ten obliterate any signs of a Wolf-Rayet component. We note
that this procedure is sensitive to the library of stellar spectra
used. In particular the BC03 models with the STELIB library
((Le Borgne et al. 2003)) do show residual calibration features
around Hβ (also noted by Asari et al. (2007)) which serve to in-
troduce features close to the expected location of the WR bumps
and hence severely increase the number of false positives).
From the continuum subtracted spectrum we define the ex-
cess in the blue WR feature around He ii4686 (the blue bump)
as
eblue = FHe ii − FHe ii continuum, (2)
where F is the summed flux in windows around the blue bump,
corrected for nebular emission. We do a similar calculation for
the red bump but have not used this for ranking.
Table 1. The WR filters used for spectrophotometry in this work
Name Central wavelength (Å) Width (Å)
He ii 4705 100
He ii continuum 4517 50
4785 50
C iv 5810 100
C iv continuum 5675 50
5945 50
Fig. 1. The filter response functions adopted in this work.
The filters are square and are summarised in Table 1 and
illustrated in Figure 1. The red lines show the two continuum fil-
ters and the blue the “bump” filters. Note that the filter measuring
the continuum consists of two parts to minimise the effect of a
non-flat continuum. To determine the optimal filter functions we
cross-correlated the Schaerer et al. (1999b, hereafter S99) cata-
logue with the SDSS DR6 and used those galaxies where the
SDSS spectrum showed clear Wolf-Rayet features to determine
what filter functions give us the best discrimination between WR
and non-WR galaxies. For each filter we calculate F by summing
up the flux within the filter range of the spectrum after subtract-
ing the continuum and nebular emission lines. We estimate the
uncertainty on this flux by adding the uncertainty estimates of
the spectrum in quadrature.
This results in a list of galaxies with possible Wolf-Rayet
features and is similar to the approach used to identify Wolf-
Rayet stars in imaging surveys (e.g. Armandroff & Massey
1985; Crowther et al. 2004). We emphasise that this approach
is only used to find candidate WR galaxies.
Due to the large parent sample, the number of galaxies with
elevated eblue due to noise, residual sky lines, instrumental fail-
ures and poor continuum fitting is comparable to or even higher
than the number of genuine WR galaxies. As a consequence we
have therefore carefully examined 11,241 spectra sorted accord-
ing to eblue. These were assigned to four basic classes based on
the appearance of the blue bump:
Class 3 Very clear Wolf-Rayet features. Typically a broad com-
ponent to He ii λ4686 as well as N iii λ4640 are seen.
Class 2 Convincing Wolf-Rayet features seen, but either noisier
or not obvious before continuum subtraction.
Class 1 Possible Wolf-Rayet features but generally too noisy or
too dependent on the continuum subtraction to be useable.
Galaxies that show a single, apparently broad, He ii λ4686
line but no further Wolf-Rayet features are normally as-
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signed to this class unless a clear identification of a broad
component can be done.
Class 0 No Wolf-Rayet features seen.
In the following we will consider Classes 2 and 3 as being galax-
ies with Wolf-Rayet features and except for Section 5 below we
will not distinguish between these two classes.
There are two crucial issues that must be taken into account
when classifying the spectra visually. Firstly the sensitivity of
the Wolf-Rayet features to the continuum fitting must be as-
sessed for weak features. We do this by redoing the continuum
fit using different wavelength ranges — typically contrasting a fit
using 3800Å–7000Å with one using only the spectrum between
4000Å and 5000Å. If a feature changes significantly between
these two continuum fits it is normally assigned Class 0. The
other problematic issue has to do with nebular emission. This
is discussed in detail in the following section, but for the visual
classification the main problem is when a nebular He ii λ4686
line is superposed on a broader line. The SDSS spectra often
do not have sufficiently high S/N to disentangle these two com-
ponents, and unless other supporting features such as N iii λ4640
can be seen, the galaxy will be assigned to either Class 1 or Class
0, depending on the strength of the broad component as judged
by the rigourous fits described below.
4. Fitting Wolf-Rayet features
The existing literature on Wolf-Rayet galaxies usually estimates
the bump luminosity by fitting a single Gaussian to the spec-
trum after removal of emission lines, either subtracted or masked
(e.g. Guseva et al. 2000). This has been an acceptable approach
because the resolution of the spectra have often been fairly low.
With the SDSS spectra it is clear that this is not always a good so-
lution as a single Gaussian often provides a poor fit to the overall
detected features. This was also realised by Zhang et al. (2007)
in their study of WR galaxies in the SDSS and they therefore
calculated the flux integrating all the flux between 4600Å and
4750Å after correction for nebular emission. This does remove
all distinction of WN and WC features however, and it is not an
optimal approach in terms of S/N since regions with no WR fea-
tures are included in the calculation. Finally, the subtraction of
nebular lines cannot be viewed as a separate problem from fitting
the broad features as there are significant degeneracies between
these.
We have therefore adopted a more rigourous approach: we
fit the relevant nebular emission lines jointly with Gaussians for
each feature which can be expected to be present based on the
observations of WR stars in the local Universe. In the blue we
fit:
1. Nebular lines: [Fe iii] λ4559, [Fe iii] λ4669, He ii λ4686,
[Fe iii] λ4702, [Ar iv] λ4711, He i λ4714. The line width is
fixed to that determined from the joint fit to the strong
emission lines in the spectrum. The [Ar iv] λ4740 line is far
enough from the features of interest that we do not need to
include it in the fit.
2. Wolf-Rayet features: The blue bump is primarily composed
of N v, N iii, C iii/iv blends as well as the He ii λ4686 line. The
N v doublet is fit as a single feature centred at 4610Å. The
N iii feature is centred around 4640Å, whereas the C iii/iv
feature is assumed to be centred at 4650Å and a broad com-
ponent to He ii λ4686 is also included in the fit.
An example of a blue bump fit is shown in Figure 2. The
red line traces the WR features fit, whereas the blue line shows
Fig. 2. An example of a fit to the blue bump for a WR galaxy.
The solid black line shows the continuum subtracted spectrum
smoothed with a 3Å Gaussian. The dashed black line shows the
noise level assuming uncorrelated errors in the pixels. The red
line shows the fit to the blue bump features. In this particular fit
there is a N iii component as well as a broad component to He ii.
The blue line shows the narrow emission lines fitted in this spec-
trum. The bottom panel shows the residual after subtracting the
best fit model from the spectrum, normalised by the uncertainty
estimate in each pixel. This residual spectrum is consistent with
pure Gaussian noise.
the nebular emission lines that must be included in the fit. When
working with this sample it became evident that there were sev-
eral [Fe iii] lines that normally are not taken into account, partic-
ularly at 4669Å and 4702Å which will bias any fits to the bump
features high if not removed. It is also obvious from this fig-
ure that a single Gaussian is a poor approximation to the bump
shape.
In the red there are fewer nebular emission lines superposed
on the broad WR features and we fit:
1. Nebular emission lines: [N ii] λ5755 and He i λ5876.
2. Wolf-Rayet features: one feature centred at 5696Å is fit as
well as a doublet at 5803, 5815Å.
When carrying out the fit, the line fluxes are constrained to
be non-negative. This might cause a slight bias in the derived
fluxes at very low flux values, but was found to be required to en-
sure physically meaningful fits. We furthermore limit the overall
wavelength shift of the blue and red features to be |∆λ| < 3Å.
This has no influence on the results.
However we also found that we needed to provide an upper
limit to the width of the Wolf-Rayet features. This upper limit
does affect the relative contributions of the different features to
the overall bump although the integrated flux is not significantly
changed. We have generally adopted 20Å (FWHM ∼ 47Å) to
ensure an adequate fit. This corresponds to σ ∼ 1280 km/s
(∼ 3000 km/s FWHM) and we have found this to be a reasonable
default upper limit to the width of the individual Wolf-Rayet fea-
tures for all our galaxies. For reference only 2 stars in the compi-
lation of Hadfield & Crowther (2006) exceed this velocity width.
All fits were visually inspected and for 58 we redid the fit man-
ually to better reproduce the shape of the bump. Figure 4 shows
a collection of spectra ordered by increasing EW(Hβ). It is no-
ticeable that the bumps show a range of morphologies reflecting
the broad mix of WN and WC stars seen in these spectra.
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Fig. 4. A montage of five WR galaxy spectra ordered by EW(Hβ) increasing by a factor of 2 downwards. The left column shows
the full spectrum zoomed in around the blue bump and the right column the continuum subtracted spectrum similarly to that shown
in Figure 2. The number of the spectrum in our catalogue as well as any common names are indicated in the lower left corner of
the full spectrum plot. The three numbers in the parenthesis in the lower right corner show 12+Log O/H, EW(Hβ) and Log L(Blue
bump)/L(Hβ).
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Fig. 3. The distribution of widths of the He ii λ4686 line mea-
sured in Galactic, LMC and SMC WR stars (dashed line) com-
pared to the widths determined by the fit to our Wolf-Rayet can-
didate galaxies (solid line).
We can test these fits in a model independent manner by re-
alising that the intrinsic line widths of the Wolf-Rayet features
are considerably larger than those caused by galactic rotation, so
we can reasonably assume that the distribution of the FWHM of
the He ii λ4686 line measured by our fits should follow closely
the distribution found for Galactic, LMC and SMC Wolf-Rayet
stars1. To do this we combined the measurements for Galactic
and LMC WN stars in Smith et al. (1996) and for the LMC and
SMC in Crowther & Hadfield (2006). Where two measurements
of the same star existed we took a straight average.
The results of this comparison are shown in Figure 3. Clearly
there is very good agreement between the two distributions and
this can be taken as a reasonable consistency check. It also in-
dicates that we can make use of the width of the He ii feature
to study the variation of the width of WR features with galaxy
properties.
Note that we do seem to have fewer narrow He ii features
than seen in the stars. This is to be expected, both because the
narrow features are more difficult to disentangle from the nebu-
lar lines, and because when averaged over a population the lines
tend to be broadened due to peculiar motions and because on av-
erage the WR stars with broad lines appear to be more luminous
(CH06).
To ascertain the reliability of the deblending of the individ-
ual features in the blue we carried out a number of simulations
where we added noise to a set of realistic simulated spectra with
Wolf-Rayet features superposed. This showed that the fits have
significant degeneracies between the individual features, in par-
ticular between the N iii and C iii/iv features which are closely
spaced, but also with the superposed nebular lines. For the pur-
poses of this paper we will mostly make use of the total blue and
red bump fluxes rather than the individual features. This does
limit our comparisons to models somewhat but it will turn out to
be sufficient for the purposes of this paper.
The procedure adopted for classification of WR galaxies has
not made any explicit cuts on the equivalent width or S/N of the
bump features. Figure 5 shows the resulting distribution of the
equivalent width of the blue bump. This shows that the spectra
1 These three samples of WR stars sample reasonably well the overall
metallicity distribution of our WR galaxies so this comparison should
be meaningful.
Fig. 5. The distribution of the equivalent width of the blue bump
measured four our Class 2 and Class 3 spectra. Note the strong
drop at EW < 1Å. Two spectra fall outside the plotted region as
indicated by arrows.
have an effective minimum EW of 1Å, and this is also constant
with redshift. It is therefore reasonable to take this as the a pos-
teriori completeness limit for our sample.
5. Overall sample properties
5.1. Spectral classification and overall inventory
We follow B04 in separating the galaxies in our sample based
on their location in the Baldwin et al. (1981, BPT) ionisation di-
agram. We will refer to galaxies whose emission line spectrum is
dominated by star formation as the SF class, and to those dom-
inated by an active galactic nucleus (AGN) as the AGN class.
Galaxies that fall between these two classes are assigned to the
Composite class, see B04 for details.
As discussed in B04 (see also e.g. T04, Kauffmann et al.
2003a; Kewley et al. 2006) the reliable classification of emission
line galaxies requires a S/N in each of the lines Hβ, [O iii] λ5007,
Hα & [N ii] λ6584 of at least S/N = 3. For a few galaxies the
[O iii] λ5007 line is truncated by the SDSS pipeline reductions;
for these [O iii] λ4959 is used instead. Finally a few galaxies
have no [N ii] λ6584 detected at S/N > 3 and for classification
purposes and abundance determinations we assign these the 3σ
upper limit to the line flux. After these steps a total of 9,500
(3.1%) galaxies cannot be classified using emission line diagnos-
tic and are placed in the Unclassified category. For galaxies with
EW(Hβ) > 5 Å, this is entirely due to instrumental problems and
we have verified that this does not lead to any systematic biases
between the parent sample and the WR galaxy sample. For the
galaxies with weaker Hβ there will be a trend that the fraction of
unclassifiable galaxies increases from ∼ 4% at EW(Hβ) = 7 Å to
∼ 50% at EW(Hβ) = 2 Å. Hence any comparisons of the abun-
dance of WR galaxies with the parent population at low equiva-
lent widths must take this into account if appropriate.
The final sample is summarised in Table 2 and given in full
Table 3 which is available online. The luminosities and equiva-
lent widths of the blue and red bumps as well as the width of the
Gaussian fit to the He ii λ4686 line are given in Table 4 and the
abundances derived from the spectra in Table 5. The full sample
consists of 570 spectra from the SDSS. This is more than twice
the number of all previously known Wolf-Rayet galaxies, and a
factor of ∼ 3 more than the largest rigourously selected sample
of WR galaxies from a single study, surpassing the 174 galaxies
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Table 2. The summary of the Wolf-Rayet sample.
Sub-sample Number Number
All z 0.005 < z < 0.22
Class 2+3 570 452
Class 2 373 317
Class 3 197 135
Class 1 1115 1058
Star-forming 453 346
AGN 42 38
Composite 68 67
Unclassified 7 1
With SCIENCEPRIMARY=1
Class 2+3 531 419
Class 2 344 293
Class 3 187 126
Class 1 972 919
Star-forming 422 321
AGN 38 34
Composite 64 63
Unclassified 7 1
in the Zhang et al (2007) study. We should comment that in fact
only 101 of the objects from that survey are classified as class 2
or 3 by us and a further 36 as class 1. For the final 37 we are un-
able to reproduce the identification of broad Wolf-Rayet features
by Zhang et al.
Out of the 570 spectra, a total of 531 have
SCIENCEPRIMARY=1 and can thus be used for statistical
studies. A total of 419 of these have z > 0.005 which we
will occasionally adopt as our lower redshift limit because
deviations from the Hubble flow are limited and the photometry
from the SDSS is more reliable (see Blanton et al. 2005) at these
redshifts.
Combining our sample with the compilation of S99 leads to a
total of 641 unique Wolf-Rayet galaxies, including galaxies clas-
sified as Class 1 would increase this to 1,613 unique sources, a
total of 1,778 spectra. To put this in perspective it is worth point-
ing out that only 227 Wolf-Rayet stars in the Milky Way are
listed in the compilation by van der Hucht (2001), and with 135
stars in the LMC and 9 in the SMC listed by van der Hucht, the
total sample of Wolf-Rayet galaxies here is comparable in size
to the samples of individual Wolf-Rayet stars studied in detail.
Thus we expect that the present study will provide a useful com-
plement to the studies of individual stars in nearby galaxies.
5.2. Physical properties of the host galaxies
Figure 6 shows the redshift distribution of the SDSS parent sam-
ple as the shaded grey histogram in the top left panel. The bins
each contain 5000 galaxies and the histogram is normalised to
have the same peak value as the black histogram. The redshift
distributions of Class 2 and Class 3 objects together with the
redshift distribution of the two taken together are superimposed.
What is obvious is that the galaxies showing Wolf-Rayet features
have a redshift distribution that is strongly shifted towards low
redshift compared with the SDSS as a whole. This is natural be-
cause more distant galaxies must be intrinsically more luminous
to fall within the selection limits of the SDSS and this makes the
detection of Wolf-Rayet features more difficult.
This is more explicitly illustrated in the top right panel which
shows the percentage of all galaxies in the SDSS that show Wolf-
Rayet features as a function of redshift. The bins here are chosen
to contain 30 galaxies with Wolf-Rayet features each. Clearly
Fig. 6. The overall properties of the Wolf-Rayet candidate galax-
ies compared with the properties of the SDSS parent sample as
a whole (shaded grey histograms) — duplicates have been ex-
cluded. The top row shows the redshift distribution of the SDSS
as a filled light-grey histogram on the left, with the distribution
of Class 3 objects in blue, Class 2 objects in red and the two
classes combined as the black overplotted histogram. The right
hand panel shows the percentage of galaxies at a given redshift
that show Wolf-Rayet features. The second row shows the same
but for the dust sensitive Hα/Hβ ratio and the bottom row the
concentration parameter.
galaxies with Wolf-Rayet features make up a significant number
of the very low-z spectra in the SDSS.
The middle row shows the same information but the distri-
butions are now those of the dust-sensitive Hα/Hβ ratio and only
galaxies that fall within the SF class are included because it is
only for these galaxies that the Hα/Hβ ratio can be easily inter-
preted in terms of dust attenuation. It is clear that Wolf-Rayet
galaxies typically have lower dust extinction than typical SDSS
galaxies.
Finally the bottom row shows the distributions against the
concentration parameter, R90/R50, where R50 and R90 are the
radii that enclose 50% and 90% of the light respectively out to
the Petrosian radius of the galaxies. This is known to correlate
with visual morphology (Shimasaku et al. 2001). It is notewor-
thy that galaxies with Wolf-Rayet features appear to have a very
broad range in morphology (right-hand panel) from the most dif-
fuse to the most concentrated galaxies.
It is reassuring that in the plot for Hα/Hβ and concentration,
the distributions of Class 2 and Class 3 sources are very similar,
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Fig. 7. Similar to Figure 6. The top row shows the total g − r
colour, corrected for the emission line contribution to the flux as
discussed in the text. The middle row shows the EW(Hβ) and
the bottom row the oxygen abundance — note that only galaxies
classified as SF are included in the final panel.
as one would expect since these quantities ought not to strongly
affect the detectability of Wolf-Rayet features.
Figure 7 shows the location of WR galaxies in g − r colour
in the top row. As is clear from the right-hand panel, the fraction
of galaxies that show Wolf-Rayet features drops precipitously
at g − r > 0. This g − r colour is calculated from the SDSS
model colours with no k-correction and it has been corrected
from emission line contamination assuming that the contribution
from emission line flux found within the fibre is appropriate for
the galaxy as a whole.
The middle row of Fig. 7 shows the distribution of EW(Hβ).
It is readily seen that the fraction of galaxies with Wolf-Rayet
features increases rapidly with EW(Hβ), reaching an apparent
plateau with nearly 20% of galaxies with EW(Hβ) > 100Å
showing Wolf-Rayet bumps.
The bottom panel shows the distribution with respect to
metallicity for the full sample. This includes only the SF class
objects. It shows that a smaller fraction of galaxies with high
metallicity shows Wolf-Rayet features than objects with lower
metallicity, although we should caution that this particular plot
does depend on how the metallicities of the objects are assigned.
At first glance this might appear to say that Wolf-Rayet stars
are less common at high metallicity, but that ignores the multi-
variate nature of the present sample, and we address the inter-
esting question of the abundance of Wolf-Rayet stars at different
metallicities using a multi-dimensional view in section 6 below.
In addition to the preceding discussion which places Wolf-
Rayet galaxies in the context of the overall galaxy population,
it is also of interest to ask whether there are systematic differ-
ences between galaxies showing Wolf-Rayet features and similar
galaxies without WR features. The bottom line of this exercise
is that WR galaxies and similar galaxies without WR features do
not differ in dust attenuation but that there is a slight tendency for
WR galaxies to be more concentrated than galaxies with similar
mass and star formation activity without WR features.
To reach these conclusions we adopted a similar approach to
Kauffmann et al. (2006). For each WR galaxy we find all SDSS
galaxies whose stellar mass is within 0.1 dex of the WR galaxy,
the D4000N is within 0.05 and EW(Hβ) is within a factor of 3 of
that of the WR galaxy. If any of these cuts select less than 1000
galaxies we loosen the constraints to the first 1000 objects. We
then calculate the difference between the properties of the WR
galaxies and these similar SDSS galaxies.
5.3. Host galaxy morphology and location of WR regions
As mentioned above a number of the spectra studied here are
those of non-nuclear regions in the galaxies. This is the case
for approximately 30% of the spectra, the rest correspond to the
central regions of the galaxies. In the case of mergers and some
types of irregular galaxies it is difficult to determine a centre, this
is true for ∼ 5% of the spectra. However most spectra do orig-
inate well within the main body of the galaxies, only 93 spec-
tra (16%) really originate from the outskirts of the host galaxy.
These are invariably bright H ii-regions, in fact a total of 202
(35%) of the spectra can be identified with a clearly delimited
star forming region, ranging from H ii-regions to massive super-
star clusters spanning almost 50% of the galaxy.
The host galaxies span a range of morphologies and dynam-
ical situations. There are a number of clear mergers, at least 7%
of the spectra, and ∼ 11% originate from galaxies with a strong
bar. Thus one might worry that these classes have star bursts
of different effective ages and hence that including them all in
one group might bias or wash-out any trends. To check this we
have tested a large number of relationships and seen how they
vary with the location of galaxies and with the morphological
properties of the galaxies. We do find that oxygen abundance
distribution of spectra originating in the outskirts of their parent
galaxies are slightly shifted to lower metallicity as compared to
that for the central region, as one might expect given the well-
known metallicity gradients in galaxies. Apart from this there
are no detectable dependencies on any relationships/trends with
the regions of the galaxies the spectra originate from or with the
galaxy morphologies. We will therefore ignore this in the fol-
lowing.
6. The abundance of WR stars with metallicity
Models for WR star formation predict that the number
of Wolf-Rayet stars increases with increasing metallicity
(Meynet & Maeder 2005) due in large part to a strong metal-
licity dependence on the stellar winds (Vink & de Koter 2005).
From an observational point of view it is also established that
there is a decline in the number of WR stars as compared to
O-stars, N(WR)/N(O), with declining metallicity (see Crowther
2007, for an overview). However, the range of metallicities is
limited and the spread around the relation is not established and
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Fig. 8. The fraction of SF galaxies that show Wolf-Rayet features
as a function of oxygen abundance in four different EW(Hβ)
bins. The bins in EW(Hβ) each contain 80 Class 2 & 3 galax-
ies, except the highest bin which contains 81. The points are cal-
culated in bins containing 10 Class 2&3 galaxies each and the
error bars reflect Poissonian uncertainties. Only SF galaxies are
included and the oxygen abundance estimator is the mixed one.
Fig. 9. Similar to Figure 8, this figure shows the the fraction of
SF galaxies that contain Wolf-Rayet features as a function of
EW(Hβ) in four bins of oxygen abundance.
the stellar parameters are typically hard to constrain without in-
volving modelling (e.g. Hamann et al. 2006). In this section we
will focus on empirical measures of the abundance of WR stars,
postponing a comparison with models to section 10.
Figure 8 shows the fraction of SF galaxies showing WR
features as a function of oxygen abundance in four bins in
EW(Hβ). It shows a very clear increase in the fraction of galax-
ies showing WR features with metallicity with a clear indication
of a non-linear relationship. The comparison is done in bins of
EW(Hβ) to take out the correlation between oxygen abundance
and EW(Hβ) in the SDSS sample. It is, however, clear that the
trend is similar for different bins in EW(Hβ) and it turns out that
they are independent of the abundance estimator chosen.
The figure shows a clear relationship between the oxygen
abundance of a galaxy and the likelihood that it harbours signif-
icant numbers of Wolf-Rayet stars. It is also clear that there is a
correlation with EW(Hβ). This is made more explicit in Figure 9
Fig. 10. The ratio of the blue bump luminosity to the luminosity
of the Hβ as a function of metallicity. There is a clear trend to-
wards lower maximum bump luminosities relative to Hβ at lower
metallicity but it appears to flatten out at 12 + log O/H < 8.
The dashed line shows the detection limit based on the data in
Figure 5. The points are colour coded according to the width
of the He ii λ4686 line. The red points show the location of the
galaxies with the widest bumps, the black the narrowest. There
is no statistically significant difference between these classes.
which shows the relative abundance of WR galaxies as a func-
tion of EW(Hβ) in four bins of oxygen abundance. It is clear
that galaxies with the same EW(Hβ) are more likely to have WR
features at higher metallicity.
It is also intriguing that all the curves appear to reach a
maximum value and then turn over. This is expected to hap-
pen when the EW(Hβ) samples burst ages that are short rela-
tive to the time of start of the WR phase (after ∼ 2Myr). While
EW(Hβ) is often used as an age indicator (Copetti et al. 1986;
Zhang et al. 2007) it is well-known that this might be a poor ap-
proximation both due to different dust attenuation of the lines
and the continuum and to an older underlying population (e.g.
Mas-Hesse & Kunth 1999). For our sample this is means that
EW(Hβ) in general is not a reliable age indicator, but for a given
metallicity range it might be useful as a relative age indicator
and/or burst strength indicator. The fraction appears to reach a
maximum at log EW(Hβ) > 1.7. For a short (< 1 Myr) burst this
corresponds to an age of 5–6 Myr. Since 10–20% of all spectra
at this EW show WR features, we conclude that the WR fea-
tures are clearly visible in 0.5–1 Myr of this time, although we
should caution that the age estimates are strongly dependent on
the assumed properties of the burst.
An alternative formulation of this result can be found by
adopting the method already used by Kunth & Sargent (1981) to
determine the ratio of WR to O stars (see also Zhang et al. 2007).
This requires a comparison between metal content and the flux of
the blue bump divided by the Hβ flux. This is a rough, but model
independent, estimate of the number of WR stars per O stars.
This follows because to first order, the flux in the blue bump is
proportional to the number of WR stars. In addition the luminos-
ity of the Hβ line is roughly proportional to the number of O stars
within the area surveyed and the ratio is approximately indepen-
dent of dust attenuation (see discussion in section 2.2). Thus this
quantity should give a reasonable estimate of the relative num-
ber of WR and O stars in a model-independent way. It has re-
cently become common to convert this to N(WR)/N(O+WR) in
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a model dependent way (e.g. Guseva et al. 2000; Fernandes et al.
2004) but in view of the uncertainties in the current models dis-
cussed below we prefer not to do this at this point, and return to
it in section 10.2 below.
Figure 10 shows the results of this exercise. The figure plots
galaxy oxygen abundance along the x-axis. There is an appar-
ent correlation between the metallicity and the ratio of the blue
bump to Hβ luminosities but the lack of points in the bottom
right is due to incompleteness. This is shown by the dashed line
which indicates the location of a galaxy with an EW(Blue bump)
of 1Å given the observed distribution of EW(Hβ) at that metal-
licity in the full SDSS DR6. The spread of points at a given
metallicity is several times the observational uncertainty and is
entirely consistent with being due to the fact that the star-bursts
are not all coeval.
However the decrease in the maximum value attained by the
ratio of blue bump luminosity to Hβ luminosity is real and re-
flects a decrease in the total luminosity of the Wolf-Rayet phase
with decreasing luminosity. This trend does however not ex-
tend to the very lowest metallicities and at metallicities below
12 + log O/H < 8 there appears to be a flattening off.
As mentioned by CH06 the WN stars in the SMC are known
to have weaker and narrower lines than in more metal rich en-
vironments (Conti et al. 1989) so we also indicate by different
symbols and colours the location of galaxies with different He ii
4686 widths. There is no statistically significant difference be-
tween these classes but it is clear that the systems with the
strongest bumps relative to Hβ all show broad He ii lines. In par-
ticular the extreme galaxy Mrk 178 which has the strongest WR
features relative to Hβ of any galaxy in the sample, shows broad
WR lines and an intriguingly low metallicity. We will discuss
this object in some detail in Section 10.
7. The ionisation conditions of the interstellar
medium of WR galaxies
It is of considerable interest to understand the properties of the
interstellar medium (ISM) of galaxies with very strong star for-
mation activity since this might give important insights into
the ISM of actively star forming galaxies at all redshifts (e.g.
Brinchmann et al. 2008; Liu et al. 2008).
Here we ask whether galaxies that harbour significant pop-
ulations of Wolf-Rayet stars differ systematically in their emis-
sion line properties from other star forming galaxies. We use
the BPT diagram shown in the top-right panel of Figure 11
as a starting point. This shows the distribution of all SDSS
galaxies with S/N > 3 in Hβ, [O iii] λ5007, [O i] λ6300, Hα,
[N ii] λ6584 and [S ii] λ6717 as a grey scale 2D distribution —
the grey-scale shows the logarithm of the number of galaxies in
each bin. The galaxies showing WR signatures are overplotted
with different symbols indicating different emission line clas-
sifications with red squares indicating AGNs, orange triangles
Composite objects and the filled blue circles Wolf-Rayet galax-
ies in the SF class. The open red squares indicate five galaxies
lying well above the main sample of galaxies, in fact close to
the location of the z ∼ 2 galaxies studied by Erb et al. (2006).
While these galaxies formally lie in the region of Composite
or AGN galaxies, i.e. above the locus of photoionisation mod-
els for H ii-regions (Kewley et al. 2001), some of these will turn
out to show characteristics of star forming systems. Since it is
well-known that photoionisation models tend to underpredict
the [O iii] λ5007/Hβ ratio for low metallicity H ii-regions (e.g.
Dopita et al. 2006), we have chosen to identify these objects with
a different symbol in Figure 11
The top right panel of Figure 11 shows the [O iii] λ5007/Hβ
versus [O i] λ6300/[O iii] λ5007 ratio. While the AGN are dis-
tributed in a similar manner to the main bulk of AGN, the SF
galaxies with WR signatures seem to be offset from the bulk
of the SDSS galaxies. Since the [O i] λ6300 line predominantly
originates in the neutral ISM, this might indicate that the WR
galaxies have a significantly more ionised ISM compared to
other SF galaxies.
This offset is even clearer in the bottom right panel, which
has [N ii] λ6584/[O i] λ6300 on the x-axis. Clearly the SF galax-
ies showing WR signatures occupy almost the same region as the
AGN and composite galaxies. This is might be interpreted as a
suppressed [O i] λ6300 shifting the galaxies rightwards from the
SF sequence.
A similar offset can be seen in the [O iii] λ5007/Hβ versus
[S ii] λ6716/Hα diagram shown in the bottom right panel. [S ii]
is also significantly produced in the neutral ISM and it is again
clear that there is a systematic offset between the WR galaxies
and the bulk of galaxies in the SDSS.
On these diagrams we have indicated the effect of chang-
ing the ionisation parameter, U, by 0.5 dex by the black arrows,
for six different metal abundances based on the CL01 models. It
is clear that the offsets we see are consistent with a higher ef-
fective ionisation parameter in the Wolf-Rayet galaxies than in
the SDSS as a whole. This is in good agreement with the find-
ings of Brinchmann et al. (2008, BCP08) and Liu et al. (2008)
for strongly star-forming galaxies in the SDSS in general — see
BPC08 for more discussion. It is worth pointing out that such
simple scaling arguments are insufficient to reliably distinguish
between an increased ionisation parameter or a non-negligible
escape of ionising photons from the region sampled by the spec-
trum (e.g. Binette et al. 1996). A more thorough analysis would
require further data and is outside the scope of the present paper.
However the trends taken together do imply that there is no
significant contribution to the emission lines from shocks based
on the models of Dopita & Sutherland (1995) in good agreement
with the results of BPC08 who find that strongly starbursting
galaxies in the SDSS do not show any significant contribution to
their emission line fluxes from shocks.
8. The origin of He II nebular emission
The previous section indicated an increased ionisation parame-
ter in the WR galaxies but equivocal evidence of a harder ion-
isation field in these sources. It has been suggested in the past
that the hard radiation field of Wolf-Rayet stars causes the neb-
ular He ii λ4686 occasionally seen in H ii galaxies (e.g. Schaerer
1996). Guseva et al (2000) carried out a careful examination of
this issue but were not able to show conclusively that the cause of
the nebular He ii was Wolf-Rayet galaxies. Here we re-examine
the issue, using the small set of SDSS galaxies that show nebu-
lar He ii λ4686 emission. If we focus on those that show He ii at
S/N> 7(3.5) we find a total of 318 (1461) galaxies with nebular
He ii. Out of these 288 (1392) are at z > 0.01 and most of these,
269 (1222), appear to by AGN dominated with only 15 (81) be-
ing dominated by star-formation. These are plotted on top of the
BPT diagram in Figure 12 where it is clear that the star-forming
sources with nebular He ii λ4686 have low [N ii]/Hα. The solid
symbols indicate the location of objects that also show WR fea-
tures in their spectra.
Figure 13 shows the He ii λ4686/Hβ diagram for star-
forming galaxies in the SDSS DR6. Only galaxies that have
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Fig. 11. Top left: The BPT diagram for the SDSS with Wolf-Rayet galaxies overplotted. The top right panel shows the
[O iii] λ5007/Hβ versus [O i] λ6300/[O iii] λ5007 diagram and the bottom left two further diagnostic diagrams. In all panels the
grey-scale shows the logarithm of the number of galaxies in bins on the log [N ii] λ6584/Hα vs. log [O iii] λ5007/Hβ plane. The
galaxies plotted are chosen to have S/N> 3 in all these four lines as well as [O i] λ6300 and [S ii] λ6717. The points show the
location of our candidate WR galaxies. The blue filled circles show the galaxies classified as SF, the orange triangles that of the
composite galaxies and the filled red squares the location of AGNs. The open red squares show the location of Composite and AGNs
that have log[N ii] λ6584/Hα < −0.7. These objects resemble SF galaxies more than AGN. The small black arrows show the effect
of increasing the ionisation parameter, U, by 0.5 dex, see text for details.
He ii λ4686 detected at S/N > 3.5 have been included. Note that
the SF galaxies with He ii/Hβ > 0.1 have unreliable He ii and/or
Hβ measurements.
The figure shows a correlation between O/H and He ii/Hβ
such that He ii/Hβ ∝ −0.8 log O/H over the range 7.6 <
log O/H < 8.0. This is apparently not due to an increased num-
ber of WR stars at low metallicity: the blue points in Figure 13
show the location of galaxies with detected WR features, and
these do not appear to dominate at low metallicity.
We also notice that there appears to be a levelling off at
log O/H < 7.6. At lower metallicity there is a rather broad range
in He ii/Hβ, but no continuation of the trend seen at higher metal-
licity. We note that this is not likely to be a selection effect be-
cause such strong He ii lines are easy to detect. The physical rea-
sons for this flattening off are unclear and require more mod-
elling of winds and stellar atmospheres in low metallicity stars.
A similar result was reached by Guseva et al who concluded
that in those galaxies not classified as WR galaxies, the WR fea-
ture was too weak to detect. Based on these results it is not clear
whether this is the right interpretation or whether low density
stellar winds at low metallicity lead to a higher flux of He ii ion-
ising photons (Smith et al. 2002b; Hadfield & Crowther 2007).
In this case not only WR stars but also regular O stars are ex-
pected to contribute to the He ii-ionising flux.
The increase in He ii-ionising flux, relative to H-Ionising flux
could also have a contribution from other sources. Shocks pro-
duce nebular He ii, but in star forming regions they are mostly
caused by colliding winds but as the stellar winds are expected to
be weaker at lower metallicities (e.g. Vink & de Koter 2005) this
would not explain the trend seen. Likewise if the increased He ii-
ionising flux is caused by X-ray binary evolution, one would re-
quire an increased binary fraction with reduced metallicity and
in absence of any strong evidence of this we do not view this as
a likely explanation. This leaves us with the two scenarios that
either the main contribution to the He ii ionisation is caused by
Wolf-Rayet stars, especially WC stars, or that the main contrib-
utors are more massive stars such as O or WN stars.
The key difference between these two scenarios is the time-
scale. If the dominant source of ionising flux is WC stars, the
onset of nebular He ii λ4686 would be later than in the case of
WN or O stars being the primary sources.
Figure 14 shows the fraction of galaxies with nebular
He ii λ4686 as a function of EW(Hβ) in two different abundance
regimes. The abundance ranges were chosen to have 50 He ii
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Fig. 14. In the left panel the solid line shows the fraction of star-forming galaxies with 7 < 12 + log O/H < 8 that show nebular
He ii λ4686 in their spectra as a function of EW(Hβ). The error bars are Poissonian and each bin contains 10 He ii λ4686 emitters.
The upper x-axis shows the burst age in Myr corresponding to the EW(Hβ), see text for details. The dashed line connecting open
squares shows how the fraction of WR galaxies in the same abundance range varies with EW(Hβ). The right panel shows the same
for the abundance range 8 < 12 + log O/H < 8.3.
Fig. 12. The distribution of galaxies showing nebular He ii λ4686
with S/N> 3.5 in the BPT diagram. The filled symbols mark ob-
jects that also show WR signatures in their spectra. The symbols
and colours are otherwise as in Figure 11.
emitters in each and we use EW(Hβ) as a proxy for age of the
burst. However we also indicate the age corresponding to a given
EW(Hβ) assuming that the burst has a duration of 1 Myr on the
top x-axis. The dashed line shows the fraction of WR galaxies
as a function of EW(Hβ).
From this figure it appears that at low metallicity the WR
galaxies, and by implication the WR stars, are not the main cause
of nebular He ii λ4686 emission because the time-evolution is
noticeably different. This indicates that regular O stars at low
metallicity indeed show a significant emission of photons with
λ < 228 Å (c.f. Smith et al. 2002b; Hadfield & Crowther 2007).
On the other hand at higher metallicity the two show qualita-
Fig. 13. The He ii/Hβ ratio as a function of metallicity for the
SDSS DR6. Only galaxies with He ii λ4686 detected at S/N> 3.5
and classified as SF galaxies are included. The blue symbols
show those galaxies with detected WR features. The uncertain-
ties in the oxygen abundance have been suppressed for clarity
but an uncertainty of 0.1 dex is indicated in the lower left.
tively similar trends with the WR lines shifted to lower EW(Hβ).
This is consistent with the sources producing the majority of the
< 228 Å photons having shorter life-times than the WR phase as
a whole and that they originate at an early stage in the evolution
of a star burst. It is not possible on the basis of these data to make
a statement on the relative importance of WN or O stars to the
ionisation of He ii.
One might worry that the fraction of galaxies harbouring
nebular He ii emission does not reach 100%, while the argument
above would indicate that all sufficiently young star-forming re-
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gions should show nebular He ii emission. The reason for this
apparent discrepancy is the S/N requirement for detecting nebu-
lar He ii. All the galaxies for which we have detection of neb-
ular He ii with S/N> 3, have a median S/N in their spectra
higher than 10 and show a fairly flat distribution in the S/N of
their spectra. In contrast, the S/N distribution for spectra with
EW(Hβ)> 30 Å is sharply peaked towards low S/N. This does
mean that the absolute vertical scale in Figure 14 is suspect. The
appropriate way to deal with this would be to enforce a partic-
ular distribution in S/N, but the sample is not big enough to do
this rigourously. However when simply drawing the comparison
sample from a distribution in S/N similar to that of the galax-
ies showing nebular He ii, the fraction of galaxies with nebular
He ii does tend to 100% at high EW(Hβ). A similar conclusion is
reached when looking at the 2D distribution of S/N in the spectra
versus EW(Hβ).
Thus we conclude that our data are consistent with the hy-
pothesis that all systems with log EW(Hβ) ∼ 2.5 show nebular
He ii as long as the S/N of the spectrum allows its detection. We
also conclude that at low metallicity the ionisation of He ii is
most likely dominated by O stars, although there could be a con-
tribution of WN stars that we are unable to detect because their
features are very weak in the optical. At metallicities higher than
≈ 20% solar the data are consistent with the major source of
ionising radiation being WN stars but a significant contribution
from O stars is possible.
9. N/O abundance trends and local enrichment
Since Wolf-Rayet stars have strong winds they should influence
their immediate surroundings. However observational evidence
of this on large scales has been equivocal. The comprehensive
study by Kobulnicky & Skillman (1996) found no clear differ-
ence in the ISM abundance of WR galaxies and other star-burst
galaxies. However a number of studies have found spatial vari-
ations in the N/O ratio in NGC 5253 (Kobulnicky et al. 1997;
Lo´pez-Sa´nchez et al. 2007). These studies point to the possibil-
ity that winds from Wolf-Rayet stars can mix with the ISM on
a relatively short time-scale, in contrast to supernova explosions
that require > 108 years for the eject to cool enough to allow
efficient mixing with the ISM.
In Figure 15 we show the abundance trends for WR galaxies
versus that of non-WR galaxies for O/H, N/H, Ar/H and Ne/O.
It is clear that WR galaxies are in general more metal rich at a
given EW(Hβ) and this is likely a reflection of WR stars being
more abundant at higher metallicities as shown in Figure 8 than
WR galaxies. We will therefore focus on abundances relative to
oxygen in the following, and as Ar and Ne will turn out to follow
oxygen approximately we will also focus mainly on the nitrogen
abundance.
The solid line in Figure 16 shows the median difference in
N/O for Wolf-Rayet galaxies and similar galaxies showing no
sign of WR stars as a function EW(Hβ) with the shaded re-
gion showing the 1σ confidence interval on the median at each
value of EW(Hβ). We see a clear excess N/O for WR galax-
ies at EW(Hβ) < 100Å. Quantitatively we find 〈∆ log(N/O)〉 =
0.133±0.035 for a 3σ-clipped mean with errors from bootstrap-
ping.
To calculate this figure we selected for each WR galaxy a
set of similar galaxies that show no WR features. These similar
galaxies where chosen to have oxygen abundance within 0.1 dex
of the WR galaxy and EW(Hβ) to within a factor of 3 that of the
WR galaxies. We then calculate the difference in N/O between
Fig. 15. Top left: The oxygen abundance as a function of
EW(Hβ) for galaxies with WR features in their spectra (solid
line and dark shading) and for non-WR galaxies (dashed line
and light shading). The lines show the median and the shading
the 68% confidence limit on the median (see text for details of
the calculation). The top-right panel shows the same for 12+log
N/H, the bottom left the same for Ar/H and the bottom right the
same for Ne/H.
Fig. 16. The difference in N/O between Wolf-Rayet galaxies and
similar galaxies showing no sign of Wolf-Rayet stars as a func-
tion of EW(Hβ). The solid line shows the median trend and the
the shaded area indicates the 68% confidence limit on the median
(see text for details of the calculation). The dotted line indicates
the zero level.
the WR galaxies and their similar galaxies. In view of the dif-
ference in O/H for WR and non-WR galaxies seen in Figure 15
it is clear that there will be a difference in N/O between the two
classes just due to secondary enrichment of nitrogen if we had
not limited our comparison to similar galaxies.
We include all galaxies that are classified as star-forming,
have S/N > 5 in [O iii] λ4363 and are not duplicate observations
of the same region and limiting ourselves to spectra for which
we can calculate abundances using the Te method. To estimate
confidence limits we bootstrap this procedure 9999 times and for
each iteration we draw a new realisation of the relevant observ-
ables using their estimated uncertainties, although for EW(Hβ)
we use a flat uncertainty of 2Å, as the error on high EW(Hβ)
lines is dominated by continuum subtraction uncertainties. We
emphasise that since the same algorithm is used to calculate
abundances regardless of whether a spectrum shows WR fea-
tures or not, the result is robust to our abundance calculations.
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The immediate result from Figure 16 is that at EW(Hβ) >
100, the non-WR and WR galaxies appear to show nearly iden-
tical values for N/O. This is consistent with these being very
young bursts where the WR stars have not yet had a chance to
enrich the surrounding ISM to a noticeable degree. However at
lower EW(Hβ) there is clear and significant difference between
the WR galaxies and the non-WR galaxies in the sense that the
former has a higher N/O at the same EW(Hβ). This shows the
results for the median trends and it is perhaps even more strik-
ing that for log N/O > −1.3 and 1.6 < log EW(Hβ) < 2.4
approximately 25% of the spectra show WR features, whereas
for log N/O < −1.6 in the same range in EW(Hβ), only 4% of
the galaxies show WR features. This is a striking difference and
clearly associates an increased N/O with the WR phenomenon.
There are at least two possible explanations for this. The
most immediate is that we are seeing an effect of WR winds
on the surrounding ISM. This process was already suggested by
Pagel et al. (1986) and appears to be the most likely reason for
the trends seen.
The second possibility is that this might be a selection effect.
WN stars are expected to show CNO in equilibrium proportions
in their atmosphere, and as pointed out by Crowther (2000) this
leads to the typical WN star to have an earlier type, or in other
words to have higher ionisation N lines in their spectra. The prac-
tical consequence for us is that it might be more difficult to clas-
sify these stars because the N iii λ4640 line will become weak.
In this case we would be biased against detecting WR features
in systems with lower N abundance. Again this ought to lead to
an offset between the WR and non-WR spectra that is constant
with EW(Hβ) in disagreement with what is seen in Figure 16.
9.1. Wind pollution of the ISM
In the preceding we emphasised the role of nitrogen. This is in
part because this is expected to be the most sensitive to stellar
wind ejecta, but we have also carried out a similar study for Ne/O
and Ar/O and we find no comparable increase in these ratios
for the WR galaxies, although the uncertainties are larger. This
is expected if the nitrogen enhancement is due to a wind but
would not be expected if the enhancement was due to enrichment
from SNe. As pointed already by Pagel et al. (1986, 1992) and
emphasised by Kobulnicky et al. (1997) one should also expect
an elevated He/H if the observed region has been polluted by the
ejecta of WR stars. We are not able to confirm this — the two
samples have identical He/H to within the uncertainties. Is this
consistent with the idea that the increased N abundance is due to
the WR wind?
To answer this we make the simple assumption that the el-
ement abundances found in ring nebulae around Galactic WR
stars measured by Esteban et al. (1992) are reasonably represen-
tative of the heavy element yields of WR winds. These obser-
vations indicate that the expected average increase in log He/H
in WR ejecta is 0.18 dex whereas the increase in log N/O is
∼ 0.85 dex so one must expect a higher sensitivity to changes
in N/O than in He/H and our lack of difference in He/H between
the two samples is fully consistent with the expectations.
It is also important to estimate whether the observed in-
crease in N/O is expected with what one expects based on
the output of WR winds. Starting by estimating the mass of
ionised hydrogen from the luminosity of Hβ, LHβ, through (e.g.
Dopita & Sutherland 2003):
Mionised =
mH ∗ LHβ
1.235 × 10−25T−0.864 ne
, (3)
Fig. 17. The distribution of mass of nitrogen ejected in each sys-
tem per star, ∆MN,∗, see text for details. The dashed vertical
line shows the mass of nitrogen expected from a mass loss of
10−5M⊙/ yr over 2 Myr with the abundance pattern consistent
with Galactic WR ring nebulae.
where mH is the mass of the hydrogen atom, T4 the electron tem-
perature in units of 10,000 K and ne the electron density.
To quantify the nitrogen enrichment we used the sample of
similar galaxies discussed above to calculate
∆
( N
H
)
=
( N
H
)
WR
−
( N
H
)
ref
, (4)
where (N/H)ref is the average nitrogen abundance in the galaxies
similar to the WR galaxy. This way we can calculate the mass of
nitrogen required to explain the offsets
∆MN =
mN
mH
Mionised∆
( N
H
)
. (5)
This gives the mass of nitrogen for each system. To estimate
the mass of nitrogen ejected per star we need an estimate of the
number of WR stars that have contributed to the enrichment pro-
cess. This is non-trivial to estimate so we make the simple as-
sumption that the present Wolf-Rayet population is a good esti-
mate of the stars involved in the enrichment process. In effect we
assume that the WR stars observed are the result of the enrich-
ment process. Given the approximate nature of these estimates
we approximate the number of WR stars by dividing the blue
bump luminosity, LBB, by a fiducial luminosity, Lref , taken to be
5 × 1035 erg/s, giving NLWR = LBB/Lref .
We would like to compare these quantities to the nitro-
gen ejected in Wolf-Rayet ring nebulae. In the Milky Way
Esteban et al. (1992) found N/O ∼ −0.47 (see also Chu et al.
1999). This gives the total mass nitrogen ejected by stellar winds
with a chemical composition like that of Galactic WR ring neb-
ulae
MringN =
(
mN
mH
) (O
H
)
Mejected
(N
O
)
ring
, (6)
where Mejected is the total mass ejected from a star. As a rough
approximation we take this to be 10−5M⊙/yr over a period of
2 Myr, or equivalently, a total mass loss of 20 M⊙ per star. We
have here ignored the depletion of oxygen found in ring nebulae
by Esteban et al. (1992) which is less obvious in the resolved
studies of NGC 5253.
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We then approximate the amount of N ejected per star,
∆MN,∗, by ∆MN divided by NLWR. We plot this in Figure 17 and
the median MringN is indicated by the dashed line. Given the rough
estimates the agreement is encouraging. Indeed, our calculations
assumed that only the currently visible WR population has con-
tributed to the enrichment process, but there might indeed have
been additional sources in the past which would bring the two
estimates into better agreement. While there could also be a con-
tribution from OB stars, given their observed elevated surfaced
abundance (e.g. Hunter et al. 2008, 2007), it is not clear that this
would cause a systematic offset at low EW(Hβ).
10. Modelling Wolf-Rayet features
In the preceding we have carried out an empirical study of our
sample and the trends seen are in qualitative agreement with the
trends seen when studying individual Wolf-Rayet stars in nearby
galaxies. However it is well-known (e.g. Legrand et al. 1997;
Guseva et al. 2000; Fernandes et al. 2004; Zhang et al. 2007)
that there is a significant discrepancy between the predictions of
models for Wolf-Rayet stars and the observations at low metal-
licity. This has led a number of authors to explore models with
modified IMFs, the most recent study being that of Zhang et al
(2007). Given the scant observational evidence in favour of a
variable IMF we feel it is more appropriate at this point to assess
the weaknesses and strengths of models for WR features before
appealing to a change in the IMF.
To gain a more thorough understanding of the properties
of the galaxies in our sample we need to model the luminos-
ity of the Wolf-Rayet features using stellar evolutionary mod-
els. We base ourselves on the methodology of Schaerer & Vacca
(1998, SV98), who presented a model for the spectral evolution
of WR stars including their emission lines. The basic framework
of this model has since been included in the Starburst 99 stel-
lar population synthesis code (Leitherer et al. 1999) with refined
stellar spectra from Smith et al. (2002b). We have adopted this
code with the modifications discussed below, to produce instan-
taneous burst models for the evolution of Wolf-Rayet features.
When comparing measured WR features to models it is com-
mon to use very simple star formation histories, either single-
burst or constant star formation (e.g. SV98, Guseva et al. 2000;
Fernandes et al. 2004; Meynet & Maeder 2005; Zhang et al.
2007). While appealing because of its simplicity there are two
main problems with the approach. The first is that it is com-
monly assumed that EW(Hβ) can be used as an age indicator for
the bursts in question. While it is often acknowledged that this
is an uncertain approximation it is then adopted for comparison
to models (e.g. Zhang et al. 2007). However for large samples of
WR galaxies spanning a wide range in metallicity and size this
might lead to strong biases.
The second problem is that while an assumption of an in-
stantaneous burst is a reasonable approximation for the analysis
of H ii-regions, it is less ideal for the analysis of our data since
we probe larger regions of the galaxy where the star formation
history is likely to be more complex. Thus we have combined
these predictions from Starburst 99 with the Bruzual & Charlot
(2003, BC03) models to generate predictions for the different
Wolf-Rayet emission lines for a wide range of star formation
histories.
SV98 based their models on the best empirical compila-
tions of Wolf-Rayet line fluxes available at the time, and while
this has stood the test of time quite well, a number of re-
finements have been published recently. We have updated the
line fluxes used by SV98 with the results of the study by
Crowther & Hadfield (2006) who found that lower metallicity
systems show a lower He ii luminosity and who provide line lu-
minosities for a more uniformly analysed sample of WN stars.
As discussed in Brinchmann, Pettini & Charlot (2008; BPC08),
we have adopted their WN class 5 as representative for WNE
stars. For WC stars we have adopted the same luminosities in
SV98 as reference.
He ii lines are also produced by O if stars. At high metallicity
these do not contribute greatly to the He ii line luminosity, con-
tributing just a few % around solar metallicity. However at low
metallicity the Wolf-Rayet phase is less prominent and coupled
with the reduced line luminosity this does mean that contribu-
tion to the He ii4686 line for O if stars is more important. The
luminosity of He ii from these stars was provided by P. Crowther
(2007, priv. comm.) and is given in Table 1 in BPC08.
However even with these improvements in modelling, the
fact remains that the predictions of the models rely on a number
of steps that are not necessarily robust. The assignment of ob-
served Wolf-Rayet properties to stellar tracks is somewhat un-
certain and as pointed out by BPC08 there is a significant spread
in the observed He ii 4686 luminosities even at near constant
metallicity and hence predictions are sensitive to the properties
of the most extreme stars in any star formation episode.
Furthermore the exact stellar tracks followed by mas-
sive stars suffer from uncertainties, both due to rotation (e.g.
Meynet & Maeder 2003, 2005) and to wind loss and binary
evolution (e.g Van Bever & Vanbeveren 2003; Vanbeveren et al.
2007; Eldridge et al. 2008). We focus on single-star models for
now and use the tracks of the Geneva High Mass loss tracks of
Meynet et al. (1994) since full sets of tracks including rotation
are not yet available. However as the minimum masses for the
onset of the WR phase are relatively similar in these tracks and
those including rotation by Meynet & Maeder (2005), we do not
expect substantial differences, a fact supported by the study of
Va´zquez et al. (2007).
10.1. Comparison to models
The luminosity of the WR features and their strength relative
to other spectral properties in our spectra depend on both age,
star formation history and metallicity. To simplify comparisons
we have grouped our spectra into four metallicity bins according
to the oxygen abundance estimate, similar to the bins adopted by
Guseva et al. (2000). We assign galaxies with 12+log O/H < 8.1
to the models with Z = 0.2Z⊙. For the most metal poor galax-
ies this model metallicity is too high, but we will see that even
with this conservative model, the discrepancies between mod-
els and data are substantial. The Z = 0.4Z⊙ models are com-
pared to galaxies with 8.1 < 12 + log O/H < 8.4 and the range
8.4 < 12+ log O/H < 8.8 is compared to solar metallicity tracks,
assuming a solar abundance of O/H = 8.65 (Asplund et al.
2004). For galaxies with higher oxygen abundances we compare
to the predictions of Z = 1.5Z⊙ models which are obtained from
the Z = Z⊙ and Z = 2.5Z⊙ models by linear interpolation in
log Z.
Figure 18 shows a comparison of the ratio of the blue bump
luminosity to the Hβ luminosity as a function of the equivalent
width of Hβ (see also Figure 10). The different panels corre-
spond to the different metallicity bins as indicated above each
panel. The uncertainty estimates are shown when there are less
than 5 galaxies in bins of 0.1 dex in logEW(Hβ).
To illustrate the dependence on star formation history we
show tracks for different burst durations, ∆t. The left-most track
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Fig. 18. The blue bump luminosity relative to the Hβ luminosity as a function of EW(Hβ) in four different metallicity bins. The
range in oxygen abundance used for each bin is indicated in the grey box above each panel. The stellar metallicity adopted for the
theoretical tracks is also indicated in this box and are Z/Z⊙ = 0.2, Z/Z⊙ = 0.4, Z = Z⊙ and Z/Z⊙ = 1.5 respectively. The coloured
lines show the tracks of the models described in the text. Moving from left to right they are for burst duration 0.5 Gyr down to 1
Myr in steps of a factor of 2.
is for ∆t = 0.5 Gyr and the right-most track for ∆t = 1 Myr with
the ones in between differing by a factor of 2 in ∆t. A similar
effect would be seen when adding an underlying stellar popu-
lation. L(bluebump)/L(Hβ) increases with time until the end of
the burst when both lines fade away.
It is obvious that the models do not cover the range of the
data in the lowest metallicity bin, and indeed for the most ex-
treme galaxy in the sample, Mrk 178, the discrepancy is close to
2 orders of magnitude. It is however interesting to note that the
gradient with respect to EW(Hβ) is fairly similar in the model
and in the data; this could be interpreted to say that the time-
scale of the WR evolution is approximately correct but that the
absolute number of WR stars is strongly underpredicted.
The 40% solar models are in better agreement with the data,
especially when it is recalled that the curves can be translated
to the left by adding an underlying older population or if there
is different attenuation of the continuum and lines (e.g. Calzetti
1997). It is however clear that even with this caveat the current
models do underpredict the strength of the WR features to a cer-
tain degree.
For solar and super-solar metallicities the agreement is good
between models and data as one might expect since this is where
the observational data on Wolf-Rayet stars is best and where the
evolutionary models for stars have been better tested. Indeed it
is clear that where the models are well-constrained by observa-
tions in the LMC and Milky Way the agreement between models
and data is satisfactory but for lower metallicity systems it is in-
creasingly poor.
A similar conclusion can be reached by looking at the equiv-
alent width of the blue bump relative to EW(Hβ) as shown in
Figure 19. This figure uses the same metallicity bins and model
tracks. However in contrast to the preceding figure, an addition
of an underlying population shifts the model tracks down and to
the left. Thus it is hard to reconcile even the 40% solar metallic-
ity models with the data. Otherwise the agreement between data
and models is as seen before.
10.2. The origin of the discrepancies
The mismatches between models and data have been known for
some time now (e.g. Legrand et al. 1997; Guseva et al. 2000;
Crowther & Hadfield 2006) although they have usually not been
made as explicit because previous studies have formulated the
mismatch using derived quantities such as the number of WR
stars, N(WR). However in view of what we have seen above we
feel it is inappropriate to attempt to derive the number of WR
stars using this kind of approach for the full sample, so we have
focused on a comparison in the observed frame.
As mentioned above, previous studies have often attempted
to explain the discrepancy between observations and models by
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Fig. 19. The equivalent width of the blue bump as a function of the equivalent width of the Hβ line in different metallicity ranges.
The model tracks are as in Figure 18.
appealing to a change in the IMF. While we cannot rule this out
with the current data we note that there is a lack of independent
observational support for a significant change in the IMF with
metallicity so we have opted here to fix the IMF.
This leaves us with a significant, up to an order of magni-
tude, discrepancy between models and data at low metallicity.
This is of similar magnitude to that identified by Legrand et al.
(1997) in their study of I Zw 18 and recently confirmed by
Crowther & Hadfield (2006). Since cosmological GRBs appear
to originate in low metallicity hosts (e.g. Prochaska et al. 2007)
and potentially from Wolf-Rayet progenitors, resolving this is-
sue is of major importance not only from the point of view of
Wolf-Rayet star formation but also to understand the possible
progenitor population for GRBs.
We emphasise here that the problem is in reproducing the
amount of Wolf-Rayet stars relative to OB stars (Figure 18)
and relative to the full underlying stellar population (Figure 19).
Since we make the assumption that the IMF is constant there are
three possible sources for the discrepancy (see also Crowther
2007, for a similar discussion).
Firstly, it could be that the maximum line luminosities of
the WR lines starts to increase again at the lowest metallicities.
Since this requires a reversal of the trend towards weaker lines
at lower metallicities (Crowther & Hadfield 2006) this appears
very unlikely and indeed probably unphysical.
The second possibility is that the life-time of the Wolf-Rayet
phase is longer at low metallicity than in the models used here.
This appears to be the case for models including rotation as seen
in the work of Va´zquez et al. (2007). However it is not nearly
sufficient to bridge the gap between models and data at low
metallicity.
The final possibility is related to the previous, namely to pro-
duce more WR stars than currently favoured by the models. As
discussed by Crowther (2007) this can either come from changes
in the stellar tracks when rotation is introduced or when bina-
rity is included in the evolutionary codes. It is well known that
including rotation in the stellar evolution lowers the minimum
mass required to form a Wolf-Rayet star (Meynet & Maeder
2005), but the differences to the Geneva high mass-loss tracks
used here are small at metallicities of 40% solar and above.
The effect of binaries on the evolution of massive stars
has been studied quite extensively although the number of rel-
atively poorly known parameters have meant that it is rarely
included in population synthesis codes (see Han et al. 2007;
Van Bever & Vanbeveren 2003, for two exceptions). However
this is another promising source for an increased WR population
although initial results of surveys for binarity among the WR
population in the Magellanic clouds did not find an increased
binarity at low metallicity (Foellmi et al. 2003b,a).
Quantitatively the requirement from Figure 18 is that to
achieve a match, except for NGC 4449, for the Z = 0.4Z⊙
case we need to increase the predicted blue bump luminosity
by a factor of 2. This is in fact in good agreement with the in-
crease in WR/O ratio for constant star formation rate, between
the tracks we use here and the Geneva tracks with rotation used
by Va´zquez et al. (2007, their Figure 7). Thus we do not consider
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Fig. 20. The ratio of the number of WR stars to that of O stars
as a function of oxygen abundance, where we have assumed that
the solar oxygen abundance is 8.65. The solid line shows the pre-
dictions of the binary model by Eldridge et al. (2008), the dashed
line the Geneva tracks for rotating stars and the dash-dotted line
for non-rotating Geneva tracks, both from Meynet & Maeder
(2005).
the discrepancy between models and data for the 40% solar case
to be of much concern.
However the situation is rather different for the lowest metal-
licity. We would need to scale the predictions for the luminosity
of the blue bump at Z = 0.2Z⊙ by a factor of 7–10 to match the
data, with the exception Mrk 178. This is considerably more than
the difference due to rotation shown by Va´zquez et al. (2007),
although newer versions of their models may reduce this defi-
ciency (Meynet et al. 2008). This might indicate that a binary
channel for producing Wolf-Rayet stars is important at very low
metallicity as suggested by Legrand et al. (1997). This was in-
vestigated by Van Bever & Vanbeveren (2003) who showed that
the inclusion of binaries led to a prolonged WR phase. More
recently Eldridge et al. (2008) have shown explicitly how this
leads to a increase in N(WR)/N(O) relative to single star mod-
els. At low metallicity this becomes very important because sin-
gle star models are less efficient at producing Wolf-Rayet stars.
In absence of complete evolutionary tracks for these re-
cent models it is not possible to compare to the data shown in
Figure 18 and 19. However we can make a first comparison to the
models by calculating NWR/NO using the data in Figure 10. To
do this we need to estimate the average blue bump luminosity per
WR star and the average Hβ luminosity per O star. We do this by
fitting a grid of models to the observed colours and EW(Hβ) as
described in section B. The conversion ratio is well-constrained,
although we do caution that there might be systematic uncertain-
ties, in particular we might overestimate the luminosity of WR
stars at low luminosity.
We plot the inferred NWR/NO in Figure 20. This is very
similar to Figure 10 as the average luminosities vary only
weakly with time. The well-known decline with metallicity (e.g.
Crowther 2007) is seen again, but there is clear evidence of a
flattening of the relation at low metallicity. This appears to be a
robust result as NWR/NO might be underestimated at low metal-
licity if the trend for declining WR luminosity at lower metallic-
ity (Crowther & Hadfield 2006) continues at metallicities below
that of the SMC.
The solid line in the figure shows the values predicted by
the models of stellar evolution including massive binaries by
Eldridge et al. (2008), assuming a solar oxygen abundance of
8.65. The dashed and dashed-dotted lines show predictions for
rotating and non-rotating single stars from Meynet & Maeder
(2005). All predictions are for models with constant star for-
mation and changing the star formation history will move the
curves. In view of this and the general model uncertainties, it is
reasonable to view agreement within a factor of two as satisfac-
tory.
It is clear that extending the dashed lines to lower metallicity
would lead to significant underprediction of WR features and the
models without rotation are very strongly ruled out in agreement
with various previous studies. The model with binaries on the
other hand appears to reproduce the data quite well even at low
metallicity. However given that binaries and rotation both give
similar predictions at higher metallicity, it is not clear what the
relative importance of rotation and binaries will be.
Finally we point out that while the N(WC)/N(WN) ratio pro-
vides a potentially very useful constraint on models for Wolf-
Rayet stars (e.g. Schaerer et al. 1999a; Meynet & Maeder 2005),
we have opted to postpone a discussion of this ratio for later
work as measurements of red bump fluxes are significantly less
secure than that of the blue bump.
In the preceding we did not discuss the highly significant
outliers, NGC 4449, our object #199 and Mrk 178, which we
will discuss in some more detail here. Mrk 178 is a starburst-
ing dwarf galaxy in the Canes Venatici group and we adopt a
distance of 3.89 Mpc for this object based on the tip of the Red
Giant Branch distance from Karachentsev et al. (2003). The oxy-
gen abundance of 12 + log O/H = 7.73±0.08 and the equivalent
width of 15.4 ± 0.4Å are in excellent agreement with Guseva et
al (2000) who found 7.82 ± 0.06 and 15.92 ± 0.5Å respectively
from an independent observation of the galaxy.
Mrk 178 has one major star forming region to its south where
the SDSS spectrum, shown in the top row of Figure 21, is also
obtained. The prominence of the WR features is obvious and as
the bottom row of the figure shows, these are very broad, fea-
tureless bumps. The strength of the red bump shows clearly that
the main source is WC stars as pointed out by Guseva et al as
well. The immediate impression from Figure 21 as compared to
Figure 4 is the prominence of the WR features relative to the neb-
ular lines. Indeed, log L(BlueBump)/L(Hβ) ≈ 0.05 would con-
vert into a log N(WR)/N(O)∼ 0.5, much higher than expected
from any model.
However, the luminosity of the blue & red bumps is only
∼ 1037 erg/s, so we expect only a few Wolf-Rayet stars to be
sampled. Thus the cause of the offset is almost certainly just that
the SDSS fibre, which projects to a size of 56 pc, by chance sam-
ples a region that is overabundant in Wolf-Rayet stars. This ap-
pears also to be the case for NGC 4449, and in this case we also
have several spectra additional of star forming regions in NGC
4449, none of which show an offset in the relationships plotted
above.
11. Summary
We have presented here a study of galaxies with Wolf-Rayet fea-
tures in their spectra for a carefully selected sample spanning an
unprecedented wide range of physical properties. It more than
doubles the number of known Wolf-Rayet galaxies and has a
well understood selection function. This has allowed use to carry
our a number of empirical studies of the abundance of WR stars
with metallicity and evolutionary state.
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Fig. 21. Top row: On the left, the rest-frame SDSS spectrum of Mrk 178 in units of log Fλ, the blue and red bump are both very
prominent, note also the relatively weak emission lines. On the right a colour image of Mrk 178 from the SDSS with the location
of spectroscopic observations indicated by the circles. The outer, dashed, circle is 10” in diameter while the inner circle shows the
size of the SDSS fibre, 3” in diameter. The bottom row shows the continuum subtracted spectra around the blue bump, on the left,
and the red bump on the right, with the residuals after subtracting the fit to the nebular and WR lines indicated in the panel below
each as in Figure 2.
We have shown that by fitting Wolf-Rayet features carefully
we can recover the distribution of line widths in Wolf-Rayet
stars and we have argued that this shows that we can accu-
rately recover the flux of the Wolf-Rayet features. This has re-
sulted in a sample of WR galaxies with a completeness limit of
EW(Bluebump) ≈ 1 Å and EW(Hβ) > 2 Å.
We find that the abundance of Wolf-Rayet stars is a strong
function both of the oxygen abundance of the galaxy as well
as of the star formation intensity as measured by the equivalent
width of Hβ. Intriguingly we find that above EW(Hβ) ∼ 200 Å
the fraction of galaxies showing signs of WR stars appear to start
to decline. While the EW(Hβ) is a questionable age indicator
for the spectra in our sample, this does appear to be consistent
with current theoretical predictions for the onset of Wolf-Rayet
formation at 1–2 Myr.
We also find that galaxies that show Wolf-Rayet features in
their spectra have a nitrogen abundance that is ≈ 0.1 dex higher
than systems that do not show Wolf-Rayet features. We have ar-
gued that this appears to be the result of pollution of the ISM
from Wolf-Rayet winds. The observed increases in N/O are con-
sistent with the result of typical Wolf-Rayet winds releasing N
into the ISM over a period of a few Myr. The present study is lim-
ited by the number of galaxies with high quality nitrogen abun-
dance measurements and it would be very interesting to extend
this study to galaxies with higher oxygen abundance and less in-
tense star formation and to empirically determine the region of
influence of the WR winds
Finally we have also examined whether Wolf-Rayet stars
are responsible for the ionisation of He ii causing the nebular
He ii λ4686. We were able to show that the time-scales for the
WR phase and the nebular He ii are different at low metallicity
and that the dominant contribution of the ionisation of He ii here
is likely to be massive O stars. By inference, the winds of low
metallicity massive O stars must be weaker than high metallic-
ity equivalents to allow for the escape of λ < 228 Å photons. At
higher metallicity we find that it is very likely that WN stars are
contributing significantly to the production of He ii ionising ra-
diation. While these are model-independent inferences it is clear
that it would be very valuable to compare these results with de-
tailed models of high mass stars at low metallicity to understand
the evolution of wind strengths with metallicity.
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Appendix A: Pipeline processing of the spectra
The spectra of the DR6 have been re-analysed in a two-step pro-
cess. First, all the spectra were re-analysed using the pipeline
outlined by Tremonti et al. (2004, hereafter T04) and also dis-
cussed in Brinchmann et al. (2004, hereafter B04) and sum-
marised below. This provides good first estimates of continuum
features and emission lines in the SDSS spectra.
However, because spectra showing Wolf-Rayet features of-
ten originate in galaxies with particularly elevated star forma-
tion activity, the spectra of interest to us are more complex
than the vast majority of the SDSS spectra and we have there-
fore reprocessed the spectra using a new pipeline to more ac-
curately estimate emission line fluxes for very strong lines and
also to measure many more lines than is normally done, some-
thing that would be very inefficient using the standard pipeline.
Furthermore the normal pipeline reduction applies a smooth con-
tinuum correction to adjust for errors in the spectrophotometric
calibration of spectra, but this smooth correction might indeed
obliterate any Wolf-Rayet feature so we have modified this pro-
cedure somewhat as discussed below.
The pipeline, platefit, developed by T04 proceeds by first
calculating a fit to the absorption line spectrum of a galaxy.
Subsequently a set of strong emission lines are fit to the ab-
sorption line subtracted spectrum. For this latter process an ad-
ditional smooth component is calculated to adjust for any non-
perfect spectrophotometric calibration of the spectrum.
The key feature of the emission line fit is that the forbidden
and Balmer lines are grouped in two groups and for each of these
groups the line-width and velocity offset of the lines are assumed
to be the same for all lines. This enables us to measure weak lines
that otherwise would not be accurately constrained.
The disadvantage of the technique is that the multi-parameter
fit might occasionally reach a local minimum rather than the
global best fit solution. This problem worsens as more lines are
included in the fit because the search space for the minimisation
problem becomes higher dimensional.
Thus we have developed a second pipeline which takes the
width and velocity offset of the forbidden and Balmer lines from
the T04 pipelines and carries out fits of a larger set of emission
lines. We adopt the Balmer line widths for the Hydrogen and
Helium recombination lines and the forbidden line widths for
all the forbidden lines. The lines superposed on the broad Wolf-
Rayet features are treated separately as discussed further below.
All the lines considered are then fit jointly where line widths
are set to the previously determined values from the T04 fit —
this allows us to simplify the fitting routine and get good conver-
gence for the joint fits. Occasionally the joint fit might not give a
perfect fit for very strong lines, so for each line that has S/N> 10
we redo the fit, this time fitting the line (or where appropriate,
a blend) with the line position freely determined as well as the
continuum level, we also do the fit allowing the line-width to
vary freely and choose the statistically best fit given the num-
ber of free parameters. This multi-step process gives excellent
fits to all the emission lines considered here and can be applied
automatically to all DR6 spectra.
Appendix B: Fitting models to colours and EW(Hβ)
As mentioned in the text, the spectra in our sample do not rep-
resent single burst systems. This means that we need to consider
more complex star formation histories but because the Wolf-
Rayet phases are very short-lasting we also need high time reso-
lution.
To achieve this we calculated combinations of smoothly
varying star formation histories with superposed bursts using the
single stellar population models discussed in the text. We con-
structed a grid of models covering the observed space in u − g,
g−r, r−i and EW(Hβ). This grid was parametrised by the under-
lying star formation history, the time at which a burst starts, tB,
the duration of the burst ∆t and the fraction of final mass formed
in the burst, mR.
We use three underlying star formation histories (SFH), a
top-hat burst of duration 1 Gyr, an exponentially declining SFH
with time-constant 1 Gyr and an exponentially declining SFH
with time-constant 15 Gyr. The latter is near-identical to a con-
stant SFH.
We calculate models for burst durations between 1 Myr and
0.5 Gyr increasing the duration by a factor of 5 between each
step, and introduce bursts on top of the underlying SFHs at 1, 2,
4 and 6 Gyr after commencement of star formation. The bursts
contribute from 5% to 90% of the final mass in steps of 2.5%. All
of these models are calculated for the four metallicities available,
Z = 0.004, 0.008, 0.02, 0.05 and we use a time-step of 0.5 Myr
at times later than 10 Myr after the commencement of the burst,
and follow the evolution at this resolution until 3 Gyr after the
burst.
We then compare the observed u, g, r, i fluxes and EW(Hβ)
to the model predictions and assign each model a likelihood
given as P = exp(−χ2/2), similarly to the approach taken by
Kauffmann et al. (2003b).
In the text we only require the conversion factor from
LBluebump/LHβ to NWR/NO, and this quantity is well constrained
by the model fits. However it should be kept in mind that this
quantity might be subject to significant unknown systematic un-
certainties since we rely on the LBluebump distribution observed in
the local Universe which does not fully cover the parameters of
our sample galaxies.
On the other hand, to get reasonable constraints on the age
of the burst it is furthermore required to apply a prior, requiring
that the model has to contain enough Wolf-Rayet stars to have
EW(Blue bump)> 1 Å. This is sensitive to model assumptions,
and age estimates are poorly constrained at EW(Hβ)< 100 Å
even with this prior. We have therefore opted not to use these
age estimates in the text.
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Table 3. The positions and identification of thesample of galaxies with Wolf-Rayet features.
Running ID Z SciPri2 α (J2000) δ WR BPT Spectrum ID Index3 Other names
Plate–MJD–FiberID
WR000 0.05160 0 +09:43:33.90 +01:06:59.48 2 SF 0266-51630-407 315 SHOC 269
WR001 0.00633 1 +09:49:54.14 +00:36:58.65 3 SF 0267-51608-384 817 NGC 3023
WR002 0.04478 1 +10:09:03.22 -00:13:37.53 3 SF 0270-51909-265 2308 . . .
WR003 0.02149 1 +10:21:53.20 +00:17:43.22 2 SF 0271-51883-583 3083 CGCG 009-008
WR004 0.02148 1 +10:26:21.13 +00:41:05.84 2 Comp 0272-51941-542 3557 CGCG 009-034
WR005 0.02836 1 +10:31:45.72 +00:23:16.61 3 SF 0273-51957-464 3963 . . .
WR006 0.01855 1 +10:39:24.38 -00:23:21.43 3 SF 0274-51913-187 4248 IC 0633
WR007 0.03763 1 +10:50:31.24 -00:47:51.62 3 SF 0275-51910-015 4643 HN 1278
WR008 0.00605 1 +10:52:48.64 +00:02:04.13 2 SF 0276-51909-197 5287 CGCG 010-041
WR009 0.01290 1 +11:08:55.77 +00:26:41.29 2 SF 0278-51900-469 6453 Mrk 1284
WR010 0.06898 1 +11:19:14.48 -00:22:01.10 2 SF 0280-51612-270 7339 . . .
WR011 0.04872 1 +11:24:26.14 -00:25:37.48 2 AGN 0281-51614-230 7814 . . .
WR012 0.02200 1 +11:40:13.23 -00:24:42.01 3 SF 0282-51658-029 8142 Mrk 1303
WR013 0.01855 1 +11:42:12.40 +00:20:02.69 3 SF 0283-51959-389 8826 UGC 06665
WR014 0.00504 1 +12:00:26.28 -01:06:07.79 3 SF 0285-51930-042 9548 NGC 4030
WR015 0.00378 1 +11:54:12.27 +00:08:11.72 3 SF 0285-51930-348 9788 Mrk 1308
WR016 0.02315 1 +12:29:54.37 -00:03:19.27 2 SF 0289-51990-113 11576 . . .
WR017 0.02386 1 +12:24:04.88 +01:11:23.25 3 AGN 0289-51990-378 11764 CGCG 014-042
WR018 0.08101 1 +12:40:35.82 -00:29:19.47 3 AGN 0290-51941-021 11955 . . .
WR019 0.00395 1 +13:00:58.66 -00:01:39.13 3 SF 0293-51994-075 13457 NGC 4904
WR020 0.02436 1 +13:59:30.37 -01:03:22.29 2 SF 0301-51942-081 17351 SHOC 443
WR021 0.02429 0 +14:01:46.47 +01:09:24.52 2 SF 0301-51942-604 17700 UM 628
WR022 0.07895 1 +14:24:56.15 -00:22:33.77 2 Comp 0305-51613-202 19346 . . .
WR023 0.02956 1 +14:35:19.72 +00:28:32.66 2 SF 0306-51637-599 20127 CGCG 019-065
WR024 0.00655 1 +14:40:10.74 -00:17:38.34 2 SF 0307-51663-111 20243 NGC 5713N
WR025 0.02741 0 +14:48:05.37 -01:10:57.70 3 SF 0308-51662-081 20669 SHOC 486
WR026 0.00628 1 +14:41:48.51 +00:41:28.10 3 SF 0308-51662-326 20849 UGC 9470
WR027 0.03538 1 +12:01:30.53 -01:26:10.06 3 SF 0331-52368-445 26612 UM 471
WR028 0.01917 1 +12:14:30.34 -02:55:23.45 3 SF 0332-52367-066 26807 . . .
WR029 0.00777 1 +12:31:48.01 -02:58:12.84 3 SF 0334-51993-065 27746 ARK 373
WR030 0.02276 1 +12:53:05.96 -03:12:58.94 3 SF 0337-51997-097 29202 SHOC 391
WR031 0.00372 1 +12:48:13.63 -03:19:57.77 2 SF 0337-51997-284 29343 NGC 4691
WR032 0.08149 1 +12:50:55.28 -01:55:56.66 3 Comp 0337-51997-425 29458 . . .
WR033 0.00449 1 +13:04:32.26 -03:33:22.12 3 SF 0339-51692-083 30177 UGCA 322
WR034 0.12151 0 +15:48:32.37 -01:08:11.69 2 AGN 0342-51691-081 31550 . . .
WR035 0.04401 0 +16:32:15.39 -00:02:59.74 2 Comp 0348-51671-279 33828 . . .
WR036 0.01619 1 +17:01:28.21 +63:41:27.97 2 SF 0349-51699-556 34407 IC 1241
WR037 0.01979 1 +17:03:09.69 +61:27:37.45 2 SF 0351-51780-178 35065 CGCG 299-048
WR038 0.01579 1 +17:29:06.55 +56:53:19.23 2 SF 0358-51818-472 37468 SHOC 575
WR039 0.04722 1 +17:35:01.24 +57:03:08.55 2 SF 0358-51818-504 37494 SHOC 579
WR040 0.09953 1 +17:27:59.15 +54:21:47.04 2 SF 0359-51821-535 37858 . . .
WR041 0.03132 0 +16:24:10.11 -00:22:02.57 3 SF 0364-52000-187 38974 SHOC 536
WR042 0.01048 1 +17:27:15.66 +60:00:37.95 3 SF 0366-52017-451 39507 NGC 6381
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR043 0.03262 1 +22:04:12.71 -00:01:55.55 2 SF 0372-52173-631 40804 Mrk 0904
WR044 0.12577 1 +23:07:03.74 +01:13:11.20 2 Comp 0381-51811-370 44837 SHOC 595
WR045 0.06421 1 +00:23:31.99 -00:51:06.57 3 SF 0390-51900-106 48815 . . .
WR046 0.09840 1 +00:21:01.02 +00:52:48.08 2 SF 0390-51900-445 49089 UM 228 COM01
WR047 0.16741 1 +00:55:27.46 -00:21:48.76 2 SF 0394-51913-075 50840 . . .
WR048 0.10967 1 +01:10:59.98 -00:46:22.79 2 SF 0397-51794-203 52504 . . .
WR049 0.00559 1 +01:15:34.40 -00:51:46.03 3 SF 0398-51789-294 53092 NGC 0450
WR050 0.05544 1 +01:22:18.12 +01:00:26.02 2 SF 0399-51817-322 53649 . . .
WR051 0.02041 1 +02:31:37.71 -00:08:24.87 2 SF 0407-51820-162 57491 IC 0234
WR052 0.00507 1 +02:46:25.17 -00:29:55.28 3 SF 0409-51871-237 58385 NGC 1087
WR053 0.04421 1 +02:50:57.45 +00:22:09.86 2 Comp 0409-51871-548 58604 IRAS F02483+0009
WR054 0.04088 1 +03:22:35.85 -01:03:07.74 2 AGN 0413-51929-006 60112 IRAS F03200-0113
WR055 0.11732 1 +03:17:52.91 -00:54:17.52 3 AGN 0413-51929-220 60259 . . .
WR056 0.01789 0 +00:32:18.59 +15:00:14.16 3 SF 0417-51821-513 62180 SHOC 022
WR057 0.01786 1 +00:32:18.59 +15:00:14.16 3 SF 0418-51817-302 62457 SHOC 022
WR058 0.11457 1 +00:45:51.47 +15:55:47.72 2 AGN 0419-51879-529 63013 . . .
WR059 0.15630 1 +01:57:41.40 +12:53:34.23 2 SF 0427-51900-291 66562 . . .
WR060 0.10926 1 +01:51:42.72 +13:20:03.34 3 AGN 0429-51820-040 67246 . . .
WR061 0.05406 1 +08:09:07.58 +44:16:41.41 2 SF 0439-51877-216 71510 . . .
WR062 0.00151 1 +08:13:13.05 +45:59:26.54 2 SF 0439-51877-570 71735 NGC 2537
WR063 0.00195 1 +08:14:37.28 +49:03:00.06 3 SF 0440-51885-151 71896 NGC 2541
WR064 0.00143 1 +08:13:13.16 +45:59:40.89 2 SF 0441-51868-303 72480 NGC 2537
WR065 0.04350 1 +08:29:12.67 +50:06:52.35 3 AGN 0443-51873-514 73639 . . .
WR066 0.06548 1 +08:33:54.29 +51:41:41.39 2 Comp 0445-51873-324 74487 . . .
WR067 0.00241 1 +08:37:43.48 +51:38:30.26 2 SF 0445-51873-404 74557 Mrk 0094
WR068 0.08966 1 +09:28:56.18 +56:41:44.62 2 SF 0451-51908-595 77712 . . .
WR069 0.04462 1 +02:37:49.52 -09:25:56.10 3 SF 0455-51909-047 78956 I Zw 007
WR070 0.08220 0 +02:40:52.19 -08:28:27.42 2 SF 0455-51909-073 78976 SHOC 133
WR071 0.02961 1 +02:49:12.86 -08:15:25.68 3 SF 0456-51910-077 79355 . . .
WR072 0.16205 1 +03:26:13.63 -06:35:12.55 2 SF 0460-51924-592 81391 SHOC 161
WR073 0.09349 1 +09:17:59.45 +01:57:50.99 2 SF 0473-51929-422 86338 SHOC 250
WR074 0.00625 1 +09:47:45.34 +02:37:37.04 2 SF 0480-51989-578 88559 UGC 05249
WR075 0.00638 1 +09:49:54.33 +00:36:59.74 2 SF 0481-51908-289 88797 NGC 3023
WR076 0.01378 1 +09:16:44.03 +59:46:28.57 2 SF 0485-51909-306 90007 Mrk 0019
WR077 0.01364 1 +09:30:06.43 +60:26:53.39 2 SF 0485-51909-550 90164 SBS 0926+606A
WR078 0.01148 1 +10:57:41.94 +65:35:39.80 3 SF 0490-51929-128 92054 SHOC 316
WR079 0.03249 1 +10:51:00.64 +65:59:40.55 3 SF 0490-51929-279 92146 VII Zw 348
WR080 0.03332 1 +11:03:26.80 +66:40:11.00 2 Comp 0490-51929-502 92291 . . .
WR081 0.09068 1 +09:59:58.23 +03:02:32.92 2 AGN 0501-52235-330 97460 . . .
WR082 0.02350 1 +10:07:46.51 +02:52:28.45 3 SF 0501-52235-602 97658 . . .
WR083 0.00339 1 +10:55:39.17 +02:23:44.75 2 SF 0508-52366-357 100774 CGCG 038-05
WR084 0.02321 1 +11:24:15.67 +02:57:31.41 3 SF 0512-51992-334 102841 SHOC 321
WR085 0.05942 1 +11:45:50.10 +01:42:55.85 2 AGN 0514-51994-092 103644 . . .
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR086 0.02043 1 +11:52:43.43 +01:44:26.81 2 SF 0515-52051-215 104216 UGC 06854
WR087 0.05811 1 +11:57:12.44 +02:28:27.87 2 SF 0516-52017-315 104799 UM 469
WR088 0.01971 1 +12:07:31.97 +01:38:14.49 2 SF 0517-52024-134 105179 . . .
WR089 0.00428 1 +12:08:11.10 +02:52:41.82 3 SF 0517-52024-504 105472 NGC 4123
WR090 0.02116 1 +12:23:04.37 +03:39:57.19 2 SF 0519-52283-402 106396 . . .
WR091 0.00321 1 +13:00:39.67 +02:30:30.70 2 SF 0523-52026-034 108065 NGC 4900
WR092 0.00322 1 +13:00:39.25 +02:30:02.68 3 SF 0524-52027-266 108625 NGC 4900
WR093 0.09980 1 +13:17:10.88 +02:56:19.88 2 SF 0525-52295-626 109311 . . .
WR094 0.18399 1 +13:22:11.95 +01:30:34.38 2 SF 0526-52312-097 109396 IRAS F13196+0146
WR095 0.00347 1 +13:26:21.44 +02:05:58.54 2 SF 0527-52342-271 110042 NGC 5147
WR096 0.02427 1 +14:01:46.46 +01:09:24.59 2 SF 0531-52028-048 111858 UM 628
WR097 0.03470 1 +13:58:17.45 +01:08:47.34 2 SF 0531-52028-218 111970 UM 623
WR098 0.06798 1 +14:05:19.72 +02:58:14.16 2 Comp 0532-51993-377 112494 . . .
WR099 0.02984 1 +14:40:12.70 +02:47:43.52 3 AGN 0536-52024-575 114505 Tol 1437+030
WR100 0.00709 1 +08:26:04.79 +45:58:07.36 2 SF 0548-51986-503 119445 UGC 04393
WR101 0.04203 1 +08:40:29.91 +47:07:10.27 2 SF 0549-51981-621 119938 SHOC 220
WR102 0.05231 1 +08:41:53.46 +46:52:11.17 3 SF 0550-51959-055 119976 . . .
WR103 0.00960 1 +08:52:58.21 +49:27:33.90 3 SF 0551-51993-279 120569 SBS 0849+496
WR104 0.02983 1 +09:07:04.88 +53:26:56.61 2 SF 0553-51999-342 121660 SHOC 240
WR105 0.04375 1 +09:18:36.76 +54:32:52.95 3 SF 0554-52000-345 122162 . . .
WR106 0.00253 1 +09:34:02.02 +55:14:27.86 2 SF 0555-52266-558 122779 I Zw 18NW
WR107 0.10213 1 +09:38:13.49 +54:28:25.03 3 SF 0556-51991-224 122971 SBS 0934+546
WR108 0.09107 1 +08:44:14.23 +02:26:21.10 2 SF 0564-52224-216 125433 . . .
WR109 0.02688 1 +08:58:05.29 +03:45:23.26 2 SF 0565-52225-536 126032 CGCG 033-031
WR110 0.13885 1 +09:29:29.01 +02:56:49.07 3 Comp 0568-52254-056 127049 . . .
WR111 0.06644 1 +09:46:38.94 +04:18:49.53 3 Comp 0570-52266-586 128290 . . .
WR112 0.00602 1 +09:55:18.07 +04:16:12.05 3 Comp 0571-52286-597 128704 NGC 3055
WR113 0.03450 1 +09:55:40.48 +05:02:36.71 2 Comp 0572-52289-322 128965 CGCG 035-090
WR114 0.18201 1 +15:07:28.68 +59:59:13.14 2 SF 0613-52345-342 147570 . . .
WR115 0.04484 1 +15:16:05.51 +60:00:00.53 2 Comp 0613-52345-469 147642 SBS 1514+601
WR116 0.03936 1 +15:32:31.67 +57:52:58.49 2 SF 0615-52347-173 147853 Mrk 0289
WR117 0.08070 1 +15:40:04.83 +57:15:02.52 3 SF 0617-52072-326 148929 SBS 1538+574B
WR118 0.00942 1 +16:11:11.51 +48:20:03.97 2 SF 0622-52054-135 151243 SHOC 529
WR119 0.02945 1 +16:11:40.80 +52:27:26.91 3 SF 0623-52051-435 151978 NGC 6090
WR120 0.04741 1 +16:13:44.39 +52:34:15.11 2 SF 0623-52051-549 152063 . . .
WR121 0.01960 1 +16:17:36.38 +46:04:55.18 2 SF 0624-52377-320 152379 UGC 10325
WR122 0.00231 1 +16:16:23.53 +47:02:02.31 3 SF 0624-52377-361 152410 Arp 2
WR123 0.05850 1 +16:40:21.02 +46:28:43.27 3 Comp 0627-52144-050 153625 . . .
WR124 0.02911 1 +16:47:00.76 +39:03:40.83 2 SF 0630-52050-245 155199 . . .
WR125 0.01550 1 +16:52:43.49 +39:22:12.10 2 SF 0632-52071-370 156251 CGCG 225-006
WR126 0.12515 1 +20:54:36.69 -05:37:00.29 2 AGN 0636-52176-410 157901 . . .
WR127 0.13682 1 +21:03:58.74 -07:28:02.48 3 Comp 0637-52174-113 158123 . . .
WR128 0.09700 1 +21:02:19.85 -06:11:09.57 2 Comp 0637-52174-447 158340 . . .
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR129 0.08653 1 +21:33:33.32 -07:12:49.22 2 AGN 0641-52199-476 160113 . . .
WR130 0.05132 1 +21:49:04.74 -08:46:40.13 2 AGN 0644-52173-260 160412 . . .
WR131 0.05917 1 +21:54:32.20 -07:09:24.17 2 AGN 0644-52173-620 160676 . . .
WR132 0.08621 1 +23:23:13.54 -10:12:25.20 2 AGN 0646-52523-304 161385 . . .
WR133 0.04964 1 +00:28:37.83 -09:59:53.72 3 Comp 0654-52146-353 165272 . . .
WR134 0.01468 1 +00:53:19.63 -10:24:11.85 2 SF 0657-52177-193 166691 SHOC 040
WR135 0.03697 1 +01:52:48.42 -08:43:20.72 2 AGN 0665-52168-482 170968 IRAS 01503-0858
WR136 0.01284 1 +02:09:38.52 -10:08:46.57 2 SF 0667-52163-216 171774 NGC 0838
WR137 0.03777 1 +22:01:24.42 -07:13:28.41 2 SF 0717-52468-321 173227 . . .
WR138 0.02363 1 +22:31:16.56 -08:57:47.11 2 SF 0721-52228-179 175040 . . .
WR139 0.09739 1 +22:59:11.57 -08:46:12.91 3 Comp 0725-52258-344 176994 . . .
WR140 0.03613 1 +22:24:59.86 +13:08:36.04 2 SF 0737-52518-151 181634 . . .
WR141 0.08047 1 +22:45:56.92 +12:50:22.36 2 SF 0740-52263-259 183080 . . .
WR142 0.02480 1 +23:03:52.07 +13:58:38.34 2 SF 0742-52263-075 183901 . . .
WR143 0.01425 1 +00:24:25.94 +14:04:10.64 3 SF 0753-52233-094 189419 . . .
WR144 0.04031 1 +00:20:32.65 +15:20:50.48 2 SF 0753-52233-434 189651 CGCG 434-002
WR145 0.10569 1 +08:16:03.14 +41:22:23.31 3 SF 0760-52264-358 192498 . . .
WR146 0.13280 1 +09:27:44.90 +50:23:35.86 2 SF 0767-52252-089 195539 . . .
WR147 0.03947 1 +12:07:25.65 +62:34:57.92 2 SF 0778-52337-498 200234 . . .
WR148 0.03961 1 +12:06:28.49 +63:37:47.19 3 Comp 0779-52342-338 200566 CGCG 315-014
WR149 0.05239 1 +12:59:31.42 +61:26:32.94 2 AGN 0783-52325-267 202215 . . .
WR150 0.01022 1 +14:00:45.74 +59:19:42.06 2 SF 0787-52320-055 203806 NGC 5430
WR151 0.01009 0 +14:00:45.72 +59:19:41.81 2 SF 0788-52338-311 204360 NGC 5430
WR152 0.01923 1 +16:12:14.09 +45:32:00.34 2 SF 0814-52443-472 210735 . . .
WR153 0.14746 1 +08:38:43.64 +38:53:50.50 2 SF 0828-52317-148 214819 . . .
WR154 0.01136 1 +11:44:04.13 +05:14:02.79 2 SF 0839-52373-479 219784 Tol 1141+055
WR155 0.00445 1 +12:01:45.46 +05:49:15.29 3 SF 0842-52376-330 221208 VV 462
WR156 0.00673 1 +12:15:18.34 +05:45:39.41 2 SF 0843-52378-541 221853 HARO 06
WR157 0.00511 1 +12:19:09.88 +03:51:23.36 2 SF 0844-52378-041 221957 UGC 07354
WR158 0.07566 1 +12:16:35.91 +04:07:09.98 3 SF 0844-52378-299 222171 Tol 1214+044
WR159 0.00584 1 +12:31:39.98 +03:56:31.56 3 SF 0845-52381-246 222635 NGC 4496B
WR160 0.00249 1 +12:40:50.33 +04:31:32.98 2 SF 0846-52407-156 223060 VCC 1855
WR161 0.00606 1 +12:35:24.43 +05:02:53.81 3 SF 0846-52407-358 223212 Tol 1232+052
WR162 0.03617 1 +12:58:21.16 +04:53:08.35 2 Comp 0848-52669-076 223925 CGCG 043-085
WR163 0.00295 1 +12:55:47.28 +04:18:41.97 2 SF 0848-52669-179 224004 NGC 4808
WR164 0.00213 1 +12:49:58.15 +05:18:54.69 2 SF 0848-52669-347 224135 NGC 4713
WR165 0.04879 1 +13:13:10.12 +05:19:42.16 2 Comp 0850-52338-585 225330 . . .
WR166 0.02288 1 +13:34:50.99 +04:14:12.43 3 SF 0853-52374-196 226471 Tol 1332+044
WR167 0.11462 1 +10:18:18.67 +49:24:02.79 2 Comp 0873-52674-408 232424 . . .
WR168 0.02849 1 +10:35:08.88 +49:21:42.47 3 SF 0875-52354-226 233291 SBS 1032+496
WR169 0.00961 1 +11:28:36.75 +52:10:49.37 2 SF 0879-52365-501 235285 SBS 1125+524
WR170 0.07597 1 +11:57:58.11 +52:44:10.89 2 SF 0881-52368-599 236318 VV 385
WR171 0.00337 1 +11:59:18.05 +52:42:34.26 2 SF 0882-52370-476 236741 UGC 6983
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR172 0.00068 1 +12:04:05.20 +52:35:46.92 2 SF 0883-52430-341 237103 NGC 4068
WR173 0.03556 1 +12:21:31.18 +53:11:18.68 2 SF 0884-52374-334 237540 Mrk 1472
WR174 0.03848 1 +08:12:25.46 +37:43:48.78 2 Comp 0893-52589-305 241412 . . .
WR175 0.03902 1 +09:03:37.81 +46:39:52.05 2 Comp 0899-52620-318 243989 . . .
WR176 0.00479 1 +10:32:31.87 +54:24:03.75 3 SF 0905-52643-497 246724 UGC 05720
WR177 0.02997 1 +13:25:56.61 -02:29:43.57 2 SF 0910-52377-271 249066 . . .
WR178 0.04693 1 +13:34:20.20 -02:33:13.01 2 Comp 0911-52426-155 249482 . . .
WR179 0.02505 1 +14:00:40.57 -01:55:18.27 3 AGN 0915-52443-437 251455 UM 625
WR180 0.08210 1 +14:13:05.08 -03:13:27.17 3 SF 0916-52378-082 251635 . . .
WR181 0.03049 1 +14:28:10.02 -01:40:36.64 2 SF 0918-52404-490 252823 Mrk 1382
WR182 0.02737 1 +14:48:05.38 -01:10:57.72 3 SF 0920-52411-575 253742 SHOC 486
WR183 0.01065 1 +08:46:34.39 +36:26:20.85 3 SF 0934-52672-369 259340 Mrk 0627
WR184 0.02721 1 +09:18:40.44 +39:27:30.37 3 SF 0938-52708-133 260963 . . .
WR185 0.01411 1 +09:24:53.21 +41:03:36.66 2 SF 0939-52636-233 261464 NGC 2860
WR186 0.00185 1 +10:19:58.47 +45:33:41.82 2 SF 0944-52614-160 263516 NGC 3198
WR187 0.03063 1 +10:19:04.43 +46:27:15.91 3 SF 0944-52614-502 263763 NGC 3191
WR188 0.00398 1 +10:21:44.43 +56:55:19.57 3 SF 0946-52407-618 264810 NGC 3206
WR189 0.00749 1 +10:34:10.15 +58:03:49.06 2 SF 0947-52411-569 265208 Mrk 1434
WR190 0.03603 1 +11:16:25.18 +59:07:32.95 2 SF 0951-52398-437 267064 SBS 1113+593
WR191 0.00401 1 +11:26:44.30 +59:09:19.60 2 SF 0951-52398-600 267185 Mrk 169
WR192 0.00402 0 +11:26:44.30 +59:09:19.60 2 SF 0952-52409-227 267394 IC 0691
WR193 0.00499 1 +11:44:24.49 +60:53:02.67 2 SF 0953-52411-374 268013 . . .
WR194 0.06308 1 +12:21:04.97 +60:49:53.87 2 AGN 0955-52409-525 269169 . . .
WR195 0.00235 1 +12:25:05.41 +61:09:11.29 3 SF 0955-52409-608 269234 SBS 1222+614
WR196 0.02663 1 +13:25:22.88 +59:36:46.83 3 SF 0959-52411-451 271032 Mrk 1478
WR197 0.08041 1 +10:36:57.59 +46:56:37.89 3 SF 0962-52620-227 272398 . . .
WR198 0.03313 1 +10:48:33.58 +47:59:14.68 2 Comp 0963-52643-395 273006 . . .
WR199 0.00083 1 +11:33:28.94 +49:14:13.00 3 SF 0967-52636-302 274934 Mrk 0178
WR200 0.02600 1 +11:34:45.72 +50:06:03.33 3 SF 0967-52636-339 274965 Mrk 1448
WR201 0.00250 1 +12:05:31.49 +50:32:45.42 3 SF 0969-52442-489 276062 NGC 4088
WR202 0.01483 1 +17:18:53.44 +30:11:36.19 3 SF 0978-52441-118 279881 IRAS 17169+3014
WR203 0.02488 1 +09:39:35.25 +06:24:51.84 3 SF 0993-52710-379 286029 CGCG 035-025
WR204 0.04453 1 +10:33:28.52 +07:08:01.76 3 SF 0999-52636-517 288943 CGCG 037-076
WR205 0.02749 1 +10:43:50.56 +06:45:46.62 2 SF 1000-52643-079 289063 NGC 3349
WR206 0.00351 1 +10:51:18.11 +05:50:24.74 3 SF 1001-52670-094 289503 NGC 3423
WR207 0.02751 1 +10:59:40.97 +08:00:56.80 2 SF 1003-52641-327 290645 Tol 1057+083
WR208 0.04643 1 +09:49:46.75 +49:16:34.41 2 SF 1005-52703-452 291664 SBS 0946+495
WR209 0.00320 1 +10:38:44.85 +53:30:05.21 3 Uncl. 1010-52649-328 293894 NGC 3310
WR210 0.13162 1 +11:12:44.06 +55:03:47.10 2 Comp 1012-52649-366 294802 . . .
WR211 0.10658 1 +11:09:39.46 +54:10:07.15 2 SF 1012-52649-392 294821 . . .
WR212 0.02831 1 +11:43:33.10 +53:30:00.68 3 SF 1015-52734-003 296031 Mrk 1451
WR213 0.05180 1 +11:57:39.88 +54:57:24.37 3 SF 1018-52672-311 297833 . . .
WR214 0.00372 1 +11:56:28.12 +55:07:30.85 2 AGN 1018-52672-359 297871 NGC 3982
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR215 0.05223 1 +12:17:02.53 +56:08:28.13 2 SF 1019-52707-418 298370 SBS 1214+564
IRAS F12146+5625
WR216 0.03252 1 +13:07:28.69 +54:26:49.66 3 SF 1039-52707-119 309286 SBS 1305+547
WR217 0.03230 1 +13:14:36.59 +54:47:53.66 2 SF 1040-52722-494 310079 Mrk 0247
WR218 0.00670 1 +14:25:24.94 +51:33:14.55 2 SF 1046-52460-329 312643 SBS 1423+517/8
WR219 0.00744 1 +14:47:21.02 +48:54:04.61 2 SF 1047-52733-064 312904 SBS 1445+491
WR220 0.03712 1 +14:46:32.39 +49:00:37.95 3 Comp 1047-52733-075 312912 . . .
WR221 0.01070 1 +15:01:24.93 +48:06:27.80 2 SF 1049-52751-445 314159 . . .
WR222 0.02710 1 +15:20:56.58 +45:43:05.23 2 SF 1050-52721-032 314330 CGCG 249-018
WR223 0.04811 1 +15:09:09.04 +45:43:08.83 3 SF 1050-52721-274 314488 . . .
WR224 0.07097 1 +15:56:16.03 +39:51:37.70 3 Comp 1054-52516-169 316149 . . .
WR225 0.03414 1 +16:26:36.40 +35:02:42.06 2 SF 1057-52522-630 317795 . . .
WR226 0.00420 0 +02:42:39.86 -00:00:58.64 2 SF 1070-52591-072 320663 M077
WR227 0.03604 0 +23:38:36.71 +01:08:42.38 3 SF 1093-52591-366 325307 . . .
WR228 0.01087 1 +14:54:42.95 +52:25:44.93 2 SF 1164-52674-298 331637 SBS 1453+526
WR229 0.09200 1 +21:47:19.35 -07:12:50.71 2 SF 1178-52825-573 338380 . . .
WR230 0.00622 1 +09:17:31.23 +41:59:37.12 3 SF 1201-52674-168 345658 NGC 2799
WR231 0.00781 1 +07:57:10.44 +23:46:47.29 2 SF 1204-52669-080 346690 NGC 2481
WR232 0.01016 1 +09:00:15.20 +35:43:19.74 3 SF 1211-52964-531 350166 NGC 2719
WR233 0.00344 1 +11:27:10.93 +08:43:51.69 3 SF 1223-52781-128 355006 IC 2828
WR234 0.03573 1 +11:54:32.98 +09:32:40.36 2 SF 1227-52733-180 357131 CGCG 068-090
WR235 0.04367 1 +12:37:33.69 +08:52:55.79 2 SF 1233-52734-136 360179 Tol 1235+091
WR236 0.13418 1 +09:42:58.55 +08:38:10.13 2 Comp 1234-52724-390 360869 . . .
WR237 0.04186 1 +08:16:16.92 +25:58:27.92 3 Comp 1266-52709-139 366246 Mrk 0623
WR238 0.04715 1 +08:23:54.96 +28:06:21.75 2 SF 1267-52932-384 366814 . . .
WR239 0.00694 1 +08:33:23.13 +29:32:19.73 3 SF 1268-52933-466 367265 NGC 2604
WR240 0.08407 1 +08:42:19.07 +30:07:03.59 2 SF 1269-52937-177 367515 . . .
WR241 0.01998 1 +09:39:22.38 +36:34:28.53 2 SF 1275-52996-024 369953 NRGb 057.008
WR242 0.07393 1 +14:26:52.41 +46:39:27.18 2 AGN 1287-52728-601 375704 . . .
WR243 0.00782 1 +14:30:12.19 +45:32:32.42 3 SF 1288-52731-390 376014 SBS 1428+457
WR244 0.00833 1 +14:54:38.66 +42:01:22.53 3 SF 1290-52734-256 376810 I Zw 97
WR245 0.01086 1 +09:42:56.74 +09:28:16.26 3 SF 1305-52757-269 383272 UGC 05189
WR246 0.00485 1 +09:54:49.56 +09:16:15.93 3 SF 1306-52996-005 383526 NGC 3049
WR247 0.10205 1 +09:49:54.84 +09:32:33.88 2 SF 1306-52996-230 383671 . . .
WR248 0.00318 1 +11:38:35.68 +57:52:26.96 3 SF 1310-53033-523 385768 Mrk 1450
WR249 0.06115 1 +12:12:41.87 +58:31:14.18 3 SF 1314-53050-568 387636 . . .
WR250 0.01553 1 +12:24:51.44 +58:32:40.75 2 SF 1315-52791-579 388105 SBS 1222+588
WR251 0.06527 1 +13:01:16.72 +55:59:43.35 2 SF 1318-52781-128 389164 . . .
WR252 0.00058 1 +14:02:46.91 +54:14:50.00 2 SF 1323-52797-001 391408 . . .
WR253 0.00056 1 +14:03:01.16 +54:14:29.40 3 SF 1323-52797-002 391409 . . .
WR254 0.00053 1 +14:02:30.58 +54:16:09.66 2 AGN 1323-52797-008 391414 NGC 5447
WR255 0.00083 1 +14:03:34.06 +54:18:36.91 3 SF 1323-52797-014 391420 NGC 5461
WR256 0.00094 1 +14:03:57.26 +54:22:28.64 3 SF 1324-53088-221 392025 . . .
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR257 0.00095 1 +14:03:32.82 +54:20:10.17 3 SF 1324-53088-224 392028 . . .
WR258 0.00074 1 +14:02:55.02 +54:22:26.86 3 SF 1324-53088-240 392041 . . .
WR259 0.00058 1 +14:02:28.22 +54:16:33.08 3 SF 1324-53088-271 392059 NGC 5447
WR260 0.00069 1 +14:02:27.03 +54:19:47.78 2 SF 1324-53088-273 392061 . . .
WR261 0.00090 1 +14:05:08.15 +53:39:17.51 2 Uncl. 1325-52762-314 392568 NGC 5474
WR262 0.00094 1 +14:03:31.33 +54:21:14.52 3 SF 1325-52762-345 392593 . . .
WR263 0.00085 1 +14:03:39.83 +54:18:56.86 3 SF 1325-52762-356 392602 NGC 5461
WR264 0.07731 1 +14:09:56.76 +54:56:48.89 3 SF 1325-52762-412 392650 SBS 1408+551A
WR265 0.02666 1 +15:00:04.33 +49:23:05.19 2 Comp 1329-52767-208 394299 . . .
WR266 0.02133 1 +15:38:22.00 +45:48:07.02 2 SF 1332-52781-063 395472 . . .
WR267 0.03239 1 +16:12:44.66 +39:18:12.52 2 SF 1336-52759-212 397294 . . .
WR268 0.06337 1 +16:47:25.17 +30:27:29.22 2 SF 1342-52793-537 400087 . . .
WR269 0.03186 1 +14:43:55.00 +38:35:23.65 2 SF 1350-52786-166 403543 . . .
WR270 0.00181 1 +10:18:10.46 +41:26:58.89 2 SF 1359-53002-343 407835 . . .
WR271 0.00206 1 +10:18:11.43 +41:24:48.92 3 SF 1359-53002-356 407846 NGC 3184
WR272 0.00217 1 +10:39:04.04 +41:39:40.92 3 SF 1360-53033-634 408609 . . .
WR273 0.00221 1 +10:39:00.37 +41:40:08.75 3 SF 1361-53047-221 408799 . . .
WR274 0.02420 1 +10:53:28.95 +43:30:26.16 2 SF 1362-53050-466 409444 . . .
WR275 0.03743 1 +11:00:24.90 +43:01:11.93 3 SF 1362-53050-617 409556 . . .
WR276 0.02154 1 +11:05:08.11 +44:44:47.24 3 SF 1363-53053-510 409977 Mrk 0162
WR277 0.01849 1 +11:34:52.95 +44:00:17.46 2 SF 1366-53063-083 411197 . . .
WR278 0.05800 1 +11:37:15.07 +44:46:12.00 2 SF 1366-53063-574 411585 . . .
WR279 0.06592 1 +12:10:14.46 +44:39:56.80 3 SF 1370-53090-254 413327 . . .
WR280 0.03775 1 +12:09:26.15 +44:04:23.87 2 AGN 1370-53090-280 413349 MCG +07-25-034
WR281 0.00069 1 +12:28:09.26 +44:05:08.01 2 SF 1371-52821-053 413660 NGC 4449
WR282 0.00071 1 +12:28:11.90 +44:05:57.59 3 SF 1371-52821-058 413664 NGC 4449
WR283 0.00070 1 +12:28:13.86 +44:07:10.43 3 SF 1371-52821-059 413665 NGC 4449
WR284 0.00238 1 +12:25:34.60 +45:41:06.82 2 SF 1371-52821-500 414011 NGC 4389
WR285 0.06244 1 +12:49:45.50 +43:28:56.60 2 AGN 1373-53063-205 414711 . . .
WR286 0.12934 1 +13:01:15.78 +44:11:47.82 2 AGN 1374-53083-195 415199 . . .
WR287 0.02795 1 +13:28:44.05 +43:55:50.51 3 SF 1376-53089-637 416573 Mrk 0259
WR288 0.01099 1 +13:46:27.77 +39:40:42.01 2 SF 1377-53050-090 416647 Mrk 1483
WR289 0.00186 1 +14:39:05.46 +36:48:21.84 3 Uncl. 1382-53115-175 419001 Mrk 0475
WR290 0.08171 1 +15:19:28.17 +33:36:28.09 3 Comp 1386-53116-550 421182 . . .
WR291 0.12529 1 +15:22:38.09 +33:31:35.81 2 SF 1387-53118-458 421628 . . .
WR292 0.03446 1 +16:02:48.22 +28:06:38.59 2 SF 1391-52817-622 423778 . . .
WR293 0.03097 1 +15:57:04.48 +32:48:47.84 2 SF 1404-52825-485 428569 . . .
WR294 0.10915 1 +10:06:17.52 +36:57:03.13 2 SF 1426-52993-132 436098 . . .
WR295 0.00394 1 +10:16:24.51 +37:54:45.96 2 SF 1427-52996-221 436616 . . .
WR296 0.01235 1 +10:38:37.24 +44:31:23.13 2 SF 1431-52992-173 438680 Mrk 0150
WR297 0.00222 1 +11:15:51.80 +41:34:51.70 3 SF 1440-53084-392 443407 NGC 3600
WR298 0.03318 1 +11:26:28.73 +47:24:53.85 2 AGN 1441-53083-619 444103 . . .
WR299 0.00286 1 +11:33:14.01 +47:02:26.00 3 SF 1442-53050-520 444517 NGC 3726
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR300 0.00386 1 +11:50:12.28 +42:04:28.19 3 SF 1445-53062-037 445611 UGC 06805
WR301 0.00320 1 +11:49:41.52 +48:25:33.63 3 SF 1446-53080-340 446319 NGC 3906
WR302 0.00285 1 +11:53:40.69 +47:51:56.49 2 SF 1446-53080-471 446414 NGC 3950
WR303 0.00112 1 +12:19:01.36 +47:15:24.96 3 Uncl. 1451-53117-174 448680 . . .
WR304 0.00175 1 +12:30:29.69 +41:39:16.47 2 SF 1452-53112-008 449046 NGC 4490
WR305 0.00190 1 +12:30:34.46 +41:38:31.83 3 SF 1452-53112-009 449047 NGC 4490
WR306 0.00156 1 +12:30:28.33 +41:41:22.07 3 SF 1452-53112-011 449049 NGC 4485
WR307 0.00191 1 +12:30:38.44 +41:39:11.30 3 SF 1452-53112-016 449054 NGC 4490
WR308 0.00094 1 +12:26:15.69 +48:29:38.42 2 SF 1453-53084-322 449748 UGCA 281
WR309 0.00194 1 +12:30:34.44 +41:38:25.27 3 SF 1454-53090-299 450224 NGC 4490
WR310 0.07778 1 +12:59:52.70 +47:15:40.63 2 SF 1457-53116-533 451839 . . .
WR311 0.00197 1 +13:13:53.58 +42:12:24.72 3 SF 1460-53138-466 453203 UGC 08313
WR312 0.19812 1 +13:21:24.79 +40:53:29.83 3 Comp 1462-53112-189 453985 . . .
WR313 0.02074 1 +13:16:14.68 +41:29:40.03 2 SF 1462-53112-357 454127 Mrk 1477
WR314 0.00131 1 +13:29:55.54 +47:14:01.86 2 SF 1463-53063-523 454733 M051
WR315 0.00536 0 +02:28:28.77 -01:08:59.40 2 SF 1509-52942-250 462333 NGC 0941
WR316 0.00478 0 +02:46:25.43 -00:30:10.14 2 SF 1511-52946-192 462713 NGC 1087
WR317 0.00419 0 +02:42:40.17 -00:00:42.00 2 SF 1511-52946-351 462764 M077
WR318 0.04710 1 +16:57:44.12 +19:22:07.23 2 AGN 1567-53172-409 469141 . . .
WR319 0.01383 1 +09:02:44.66 +31:16:26.05 3 SF 1590-52974-595 475695 CGCG 150-062
WR320 0.04144 1 +09:46:30.90 +34:55:00.60 2 Comp 1594-52992-033 476999 . . .
WR321 0.05049 1 +09:35:03.24 +34:17:03.41 2 AGN 1594-52992-297 477179 IRAS 09320+3430
WR322 0.05374 1 +09:57:21.26 +36:52:44.79 3 SF 1596-52998-479 478193 . . .
WR323 0.05070 1 +10:18:28.39 +09:54:12.06 2 SF 1597-52999-050 478355 . . .
WR324 0.02185 1 +10:53:17.18 +12:46:38.79 2 SF 1602-53117-380 481176 . . .
WR325 0.04256 1 +11:07:52.55 +11:00:42.27 2 Comp 1604-53078-287 482106 CGCG 067-004
WR326 0.04815 1 +11:16:56.44 +12:55:59.60 2 SF 1605-53062-337 482647 . . .
WR327 0.00250 1 +11:20:18.84 +12:59:23.58 2 SF 1605-53062-452 482738 M066
WR328 0.00078 1 +12:21:40.32 +11:30:11.13 3 SF 1613-53115-007 486517 NGC 4299
WR329 -0.00146 1 +12:23:44.47 +12:28:42.00 3 SF 1614-53120-499 487453 . . .
WR330 0.03482 1 +14:04:47.39 +36:36:27.37 2 SF 1642-53115-149 493860 . . .
WR331 0.01194 1 +14:04:14.86 +36:43:32.67 3 SF 1642-53115-155 493864 Mrk 1369
WR332 0.02328 0 +03:15:01.41 +42:02:09.00 2 AGN 1665-52976-348 497422 Mrk 1073
WR333 0.02348 0 +03:15:01.42 +42:02:09.00 2 AGN 1666-52991-349 497636 UGC 02608
WR334 0.00826 1 +15:26:30.30 +41:17:22.34 3 SF 1679-53149-384 498754 UGC 09856
WR335 0.02274 1 +13:47:04.35 +11:06:22.60 2 AGN 1701-53142-095 502635 Mrk 1361
WR336 0.01384 1 +14:04:54.73 +12:42:16.88 2 SF 1704-53178-208 503726 UGC 09002
WR337 0.09161 1 +15:50:05.95 +09:10:35.79 2 SF 1726-53137-436 504346 . . .
WR338 0.11396 1 +07:36:38.86 +43:53:16.51 2 AGN 1736-53052-318 506016 . . .
WR339 0.00832 1 +09:34:03.03 +11:00:21.73 2 SF 1741-53052-186 508113 Mrk 0706
WR340 0.00956 1 +10:12:27.02 +12:20:37.49 2 SF 1745-53061-196 510136 . . .
WR341 0.06130 1 +10:10:42.54 +12:55:16.81 2 SF 1745-53061-475 510343 . . .
WR342 0.15182 1 +13:15:58.13 +13:54:14.55 2 Comp 1773-53112-226 514905 . . .
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR343 0.02236 1 +13:15:10.45 +15:32:45.38 2 SF 1773-53112-377 515021 . . .
WR344 0.02199 0 +11:40:13.23 -00:24:42.01 2 SF 0282-51630-027 518558 Mrk 1303
WR345 0.00377 0 +11:54:12.27 +00:08:11.72 3 SF 0285-51663-343 519732 UGC 06877
WR346 0.00512 0 +02:26:28.29 +01:09:37.91 2 SF 0406-51876-570 529749 IC 0225
WR347 0.10645 0 +02:26:08.20 -00:53:18.83 3 Comp 0406-51900-044 529829 . . .
WR348 0.04782 0 +03:09:59.31 +00:20:16.00 2 SF 0412-52235-464 532473 . . .
WR349 0.04090 0 +03:22:35.85 -01:03:07.74 2 Comp 0413-51821-004 533630 . . .
WR350 0.06867 0 +03:17:43.12 +00:19:36.84 2 SF 0413-51821-480 533964 . . .
WR351 0.03817 0 +01:07:24.76 +13:32:09.25 2 SF 0422-51878-201 536868 . . .
WR352 0.04051 0 +00:12:17.83 -00:06:10.60 2 SF 0687-52518-274 549486 UM 213
WR353 0.00538 0 +00:51:59.73 -00:29:21.39 2 SF 0692-52201-240 551282 ARK 018
WR354 0.00559 0 +01:15:33.81 -00:51:31.17 3 SF 0695-52202-137 552424 NGC 0450
WR355 0.04422 0 +02:50:57.45 +00:22:09.86 2 Comp 0708-52175-399 556969 . . .
WR356 0.03011 0 +03:26:14.50 -00:12:10.82 2 SF 0712-52199-158 558529 Mrk 0611
WR357 0.09950 0 +17:20:37.94 +29:41:12.50 2 AGN 0978-52431-013 567119 . . .
WR358 0.01482 0 +17:18:53.44 +30:11:36.19 3 SF 0978-52431-111 567182 . . .
WR359 0.03896 1 +15:30:57.34 +54:41:30.76 2 SF 0614-53437-055 567525 Mrk 0484
WR360 0.03798 1 +16:29:52.88 +24:26:38.38 3 Comp 1573-53226-512 573411 VV 807
WR361 0.04309 1 +16:25:04.89 +24:28:00.32 3 SF 1574-53476-112 573596 . . .
WR362 0.00191 0 +12:34:39.92 +07:09:47.27 2 SF 1627-53473-073 578453 IC 3521
WR363 0.00618 0 +12:34:18.29 +08:14:23.36 3 SF 1627-53473-611 578871 . . .
WR364 0.00536 0 +12:37:02.26 +06:55:31.00 3 SF 1628-53474-185 579046 IC 3591
WR365 0.03001 1 +14:57:45.06 +33:09:56.22 2 SF 1647-53531-034 581029 WAS 95
WR366 0.03119 1 +16:01:25.71 +24:58:59.81 2 SF 1655-53523-003 583067 . . .
WR367 0.07208 1 +16:02:08.91 +26:19:45.56 3 Comp 1655-53523-640 583594 IC 1166
WR368 0.01537 1 +13:20:00.98 +52:03:03.16 2 SF 1667-53430-518 585847 Mrk 0251
WR369 0.00077 1 +13:34:42.51 +51:36:49.25 2 SF 1668-53433-545 586261 NGC 5238
WR370 0.13146 1 +14:10:18.66 +49:41:09.50 2 Comp 1671-53446-546 587561 . . .
WR371 0.07362 1 +14:26:04.43 +47:23:53.44 2 Comp 1673-53462-188 588173 . . .
WR372 0.04100 1 +16:22:44.79 +32:39:33.01 2 SF 1684-53239-484 590617 . . .
WR373 0.03142 1 +16:20:36.14 +33:56:43.01 2 SF 1684-53239-509 590631 . . .
WR374 0.00989 1 +17:00:14.58 +23:06:22.84 2 SF 1687-53260-258 591666 UGC 10650
WR375 0.03476 1 +16:52:31.89 +25:46:26.43 3 SF 1691-53260-086 592757 . . .
WR376 0.04654 0 +12:43:48.32 +11:01:49.80 2 SF 1694-53472-242 594121 . . .
WR377 0.06915 1 +13:01:19.26 +12:39:59.47 2 SF 1695-53473-627 594804 . . .
WR378 0.00432 1 +14:28:10.85 +13:33:05.72 2 SF 1708-53503-571 596252 UGC 09273
WR379 0.08505 1 +14:30:29.88 +13:39:12.04 2 AGN 1708-53503-620 596292 . . .
WR380 0.00464 1 +14:32:48.35 +09:52:57.15 3 SF 1709-53533-215 596479 NGC 5669
WR381 0.02665 1 +14:31:02.42 +11:53:22.67 3 SF 1710-53504-311 597078 . . .
WR382 0.00598 1 +14:47:28.43 +12:45:53.97 2 SF 1714-53521-328 598600 CGCG 076-047
WR383 0.03606 1 +10:47:39.31 +13:20:10.05 2 SF 1749-53357-173 600012 Mrk 1438
WR384 0.01760 1 +11:32:35.34 +14:11:29.83 2 SF 1754-53385-151 602471 . . .
WR385 0.00253 1 +11:50:02.73 +15:01:23.47 3 SF 1761-53376-636 603875 Mrk 0750
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR386 0.06672 1 +12:00:33.41 +13:43:07.98 2 Comp 1763-53463-094 604409 . . .
WR387 0.00827 1 +12:18:55.01 +14:24:45.54 3 SF 1766-53468-106 605897 M099
WR388 0.00829 1 +12:18:52.72 +14:25:46.75 2 SF 1766-53468-110 605901 M099
WR389 0.08183 1 +12:16:22.74 +14:17:53.04 2 AGN 1766-53468-172 605950 . . .
WR390 0.00697 1 +12:31:54.66 +15:07:36.48 3 SF 1768-53442-476 607055 IC 0797
WR391 0.02351 1 +08:17:37.59 +52:02:36.32 2 SF 1781-53297-055 608061 SBS 0813+521
WR392 0.03261 0 +08:13:33.61 +54:49:40.83 2 SF 1782-53299-355 608788 SBS 0809+549
WR393 0.01382 1 +14:25:20.22 +32:28:54.32 2 SF 1840-53472-059 614947 UGC 09241
WR394 0.03283 1 +15:57:32.30 +23:20:50.42 3 SF 1851-53524-225 616450 . . .
WR395 0.03363 1 +08:16:47.09 +55:39:33.81 3 SF 1872-53386-098 621065 . . .
WR396 0.06975 1 +08:06:19.49 +19:49:27.31 2 SF 1922-53315-588 622868 . . .
WR397 0.01688 1 +08:30:39.37 +22:15:03.59 2 SF 1929-53349-230 625664 . . .
WR398 0.03899 1 +09:01:35.63 +28:43:43.91 2 SF 1934-53357-517 628094 . . .
WR399 0.08299 1 +09:13:53.38 +28:31:50.45 2 SF 1936-53330-020 628616 . . .
WR400 0.02469 1 +09:35:19.18 +30:24:31.94 2 SF 1942-53415-392 631660 Mrk 0402
WR401 0.10212 1 +09:45:37.48 +31:33:56.96 3 SF 1946-53432-440 633564 . . .
WR402 0.00484 1 +09:57:32.85 +33:37:11.03 2 SF 1948-53388-132 634253 IC 2524
WR403 0.01498 1 +09:57:59.67 +32:14:22.75 3 SF 1949-53433-480 634938 Mrk 0412
WR404 0.02203 0 +21:34:37.80 +11:25:10.19 2 SF 1962-53321-077 639732 . . .
WR405 0.07543 1 +10:39:12.36 +30:30:06.77 2 SF 1969-53383-451 639999 . . .
WR406 0.02358 1 +13:25:43.71 +39:30:37.98 2 Comp 1977-53475-559 642866 . . .
WR407 0.00536 1 +11:23:06.96 +30:28:44.11 3 SF 1979-53431-074 643438 . . .
WR408 0.00721 1 +11:20:46.04 +31:10:58.98 2 SF 1979-53431-150 643486 . . .
WR409 0.02944 1 +10:47:23.60 +30:21:44.29 2 SF 1981-53463-438 644536 TON 0542
WR410 0.00186 1 +12:30:34.84 +41:39:02.29 3 AGN 1984-53433-366 645635 NGC 4490
WR411 0.00349 1 +12:24:35.78 +39:22:53.66 2 SF 1986-53475-215 646399 NGC 4369
WR412 0.01098 1 +11:57:31.73 +32:20:30.16 3 SF 1991-53446-584 647974 NGC 3991S
WR413 0.00350 1 +12:09:56.68 +39:52:13.17 3 SF 1995-53415-252 648543 NGC 4145
WR414 0.00489 1 +10:36:13.22 +37:19:27.57 3 SF 1998-53433-304 649865 NGC 3294
WR415 0.00062 1 +12:17:49.30 +37:51:55.50 2 SF 2001-53493-146 650959 . . .
WR416 0.06311 1 +12:16:51.75 +37:54:38.07 3 Comp 2001-53493-170 650972 . . .
WR417 0.02439 1 +13:00:01.92 +33:26:10.09 2 SF 2006-53476-198 652876 Mrk 0235
WR418 0.03366 1 +12:58:25.17 +34:49:01.79 2 SF 2006-53476-368 652983 . . .
WR419 0.00264 1 +12:59:00.28 +34:50:42.47 3 AGN 2006-53476-404 653009 NGC 4861
WR420 0.00484 1 +11:36:39.56 +36:23:42.89 2 SF 2012-53493-407 655326 NGC 3755
WR421 0.00542 1 +10:49:49.75 +32:59:03.17 3 SF 2025-53431-006 658343 NGC 3396
WR422 0.00542 1 +10:48:24.81 +34:42:41.09 3 SF 2025-53431-540 658711 NGC 3381
WR423 0.11080 1 +11:06:35.61 +35:39:57.75 2 AGN 2034-53466-401 660506 . . .
WR424 0.04012 1 +08:50:24.72 +23:15:30.67 2 SF 2085-53379-189 664297 . . .
WR425 0.00981 1 +09:05:26.34 +25:33:02.56 3 SF 2086-53401-458 664863 UGC 04764
WR426 0.00195 1 +10:52:33.14 +36:37:36.75 2 SF 2090-53463-545 666727 NGC 3432
WR427 0.00209 1 +10:52:29.20 +36:36:49.84 3 SF 2090-53463-550 666730 NGC 3432
WR428 0.01109 1 +11:57:44.09 +32:17:38.64 2 SF 2095-53474-355 668029 NGC 3995
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR429 0.03345 1 +11:38:09.69 +33:58:05.08 2 SF 2098-53460-503 669656 TON 1411
WR430 0.02157 1 +12:11:10.88 +35:40:52.61 2 SF 2105-53472-212 670897 . . .
WR431 0.04986 1 +12:11:19.64 +38:23:30.86 2 SF 2108-53473-077 671309 . . .
WR432 0.03513 1 +12:05:24.17 +39:19:45.85 3 SF 2108-53473-420 671584 . . .
WR433 0.02110 1 +12:08:37.34 +38:49:44.16 3 SF 2108-53473-550 671686 IC 3014
WR434 0.02391 1 +13:35:09.76 +34:02:06.28 2 SF 2109-53468-368 672042 Mrk 0459
WR435 0.03405 1 +13:30:39.70 +31:17:10.16 3 SF 2110-53467-496 672659 UGC 08502
WR436 0.02096 1 +11:20:46.74 +34:45:03.40 2 SF 2111-53467-135 672885 . . .
WR437 0.03788 1 +13:25:32.34 +31:53:33.19 3 SF 2112-53534-096 673383 . . .
WR438 0.03977 1 +13:24:43.68 +32:32:25.00 2 Comp 2112-53534-169 673450 . . .
WR439 0.04641 1 +13:25:58.80 +33:00:43.12 2 Comp 2112-53534-555 673764 Mrk 0453
WR440 0.01463 1 +13:25:49.42 +33:03:54.37 2 SF 2112-53534-557 673766 WAS 69
WR441 0.00616 1 +11:32:39.50 +35:19:42.21 3 SF 2113-53468-047 673867 UGC 06526
WR442 0.01708 1 +14:24:59.94 +23:07:30.44 2 SF 2132-53493-251 675064 . . .
WR443 0.05487 1 +10:45:20.42 +09:23:49.09 2 SF 2147-53491-514 676210 SCHG 1042+097
WR444 0.10353 1 +14:03:32.87 +10:08:58.88 2 Comp 1703-53799-125 677842 . . .
WR445 0.05744 1 +14:13:36.63 +12:11:57.65 2 SF 1705-53848-566 678717 . . .
WR446 0.13699 1 +14:26:14.62 +10:40:12.99 2 AGN 1707-53885-098 678839 . . .
WR447 0.04445 1 +15:34:42.17 +10:18:00.54 2 Comp 1722-53852-613 683308 . . .
WR448 0.04081 1 +15:53:46.74 +07:09:50.36 2 SF 1727-53859-158 684412 . . .
WR449 0.04253 1 +13:38:42.48 +14:34:43.28 3 SF 1775-53847-626 686281 . . .
WR450 0.02154 1 +13:46:49.45 +14:24:01.68 3 SF 1776-53858-632 686711 Mrk 0796
WR451 0.03998 1 +13:20:25.72 +07:50:56.84 2 Comp 1799-53556-324 690000 . . .
WR452 0.00417 1 +13:37:35.21 +08:52:14.77 2 SF 1802-53885-092 690800 NGC 5248
WR453 0.03889 1 +13:40:42.84 +09:22:14.27 3 SF 1804-53886-253 691432 . . .
WR454 0.05801 1 +14:16:57.44 +07:57:44.79 3 SF 1810-53794-073 693339 . . .
WR455 0.02446 1 +14:13:45.62 +08:13:15.09 2 SF 1810-53794-178 693424 UGC 09103
WR456 0.02676 1 +14:31:28.27 +07:03:50.13 2 SF 1812-53795-129 693867 IC 1025
WR457 0.00745 1 +14:32:26.18 +08:04:48.51 2 SF 1812-53795-161 693894 NGC 5665A
WR458 0.04063 1 +16:27:58.29 +20:14:44.10 2 SF 1854-53566-551 698920 . . .
WR459 0.00163 1 +12:41:40.24 +32:31:54.79 3 SF 1975-53734-398 699214 . . .
WR460 0.00167 1 +12:41:45.76 +32:32:00.60 2 SF 1975-53734-422 699231 . . .
WR461 0.00227 1 +12:42:20.60 +32:31:48.86 3 SF 1975-53734-432 699238 . . .
WR462 0.00199 1 +12:43:56.69 +32:10:14.67 3 SF 1975-53734-498 699276 NGC 4656
WR463 0.01418 1 +12:48:41.02 +34:28:39.38 2 SF 1987-53765-461 699664 Mrk 0444
WR464 0.02781 1 +12:53:06.56 +36:49:11.40 3 SF 1989-53772-089 699813 NGC 4774
WR465 0.02462 1 +13:28:04.03 +33:35:35.50 2 SF 1993-53762-285 700373 . . .
WR466 0.02647 1 +13:04:22.68 +28:48:38.79 2 Uncl. 2009-53904-305 701781 . . .
WR467 0.02357 1 +13:14:39.39 +30:13:30.08 2 SF 2009-53904-607 702013 . . .
WR468 0.00119 1 +12:25:44.50 +33:35:12.39 3 SF 2015-53819-246 702668 . . .
WR469 0.00104 1 +12:25:48.86 +33:32:48.73 2 AGN 2015-53819-251 702672 NGC 4395
WR470 0.04453 1 +13:04:22.19 +36:15:43.19 2 AGN 2016-53799-430 703265 . . .
WR471 0.03595 1 +13:03:54.44 +37:14:01.88 2 SF 2018-53800-096 703491 . . .
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR472 0.07175 1 +12:44:00.60 +35:44:10.98 2 SF 2022-53827-188 703986 . . .
WR473 0.00285 1 +13:14:47.36 +34:52:59.81 3 SF 2023-53851-263 704504 UGC 08323
WR474 0.00563 1 +10:49:56.04 +32:59:27.89 3 SF 2026-53711-367 705080 NGC 3395
WR475 0.00559 1 +10:52:13.72 +32:57:20.47 3 SF 2026-53711-417 705117 NGC 3430
WR476 0.01624 1 +13:47:17.75 +34:08:55.69 2 Comp 2028-53818-163 705422 UGC 08718
WR477 0.02331 1 +13:44:48.77 +35:29:41.11 2 SF 2028-53818-376 705590 . . .
WR478 0.05387 1 +13:47:06.91 +34:56:24.21 3 SF 2028-53818-494 705686 . . .
WR479 0.02235 1 +12:58:24.32 +35:15:01.71 3 SF 2031-53848-048 706342 CG 1057
WR480 0.00310 1 +13:13:18.46 +36:12:10.59 2 SF 2032-53815-243 706973 HS 1311+3628
WR481 0.05134 1 +13:17:18.57 +32:55:43.71 2 AGN 2093-53818-104 707370 . . .
WR482 0.00320 1 +13:41:56.48 +30:31:09.61 2 SF 2094-53851-487 708224 Mrk 0067c3
WR483 0.03550 1 +11:22:53.54 +34:20:27.33 2 AGN 2100-53713-379 708644 UGC 06393
WR484 0.01978 1 +13:43:13.15 +36:44:57.52 2 SF 2101-53858-033 708872 . . .
WR485 0.06020 1 +13:36:50.95 +36:50:17.94 2 SF 2101-53858-438 709191 . . .
WR486 0.02146 1 +13:42:20.17 +36:57:13.18 2 SF 2101-53858-551 709278 . . .
WR487 0.05839 1 +11:03:30.10 +32:17:32.24 2 SF 2106-53714-194 710005 . . .
WR488 0.02976 1 +14:10:28.46 +26:09:09.06 2 SF 2123-53793-003 713544 . . .
WR489 0.05955 1 +14:09:19.94 +26:22:20.18 2 SF 2123-53793-146 713664 . . .
WR490 0.03230 1 +14:04:02.10 +25:47:47.64 2 SF 2123-53793-288 713779 WAS 89
WR491 0.11928 1 +14:06:21.04 +25:28:46.98 2 Comp 2124-53770-362 714343 . . .
WR492 0.05295 1 +14:25:00.28 +29:17:07.20 2 SF 2130-53881-618 717004 . . .
WR493 0.01139 1 +14:30:09.64 +31:12:56.97 2 SF 2133-53917-537 717976 NGC 5653
WR494 0.07014 1 +14:31:28.14 +27:51:22.47 3 Comp 2134-53876-158 718185 . . .
WR495 0.01223 1 +14:44:20.86 +28:33:03.66 2 SF 2141-53764-290 720912 IC 4497
WR496 0.04391 1 +15:06:19.22 +24:08:40.93 2 SF 2152-53874-157 721861 . . .
WR497 0.04654 1 +15:32:22.32 +23:33:25.01 2 AGN 2163-53823-135 723870 . . .
WR498 0.03396 1 +15:34:56.40 +24:51:39.24 2 SF 2163-53823-546 724168 . . .
WR499 0.12164 1 +15:40:06.90 +24:30:44.96 2 SF 2165-53917-525 725153 . . .
WR500 0.01097 1 +15:46:58.88 +17:53:03.06 2 SF 2167-53889-071 725302 NGC 5994
WR501 0.01491 1 +15:43:09.34 +18:07:56.14 2 SF 2167-53889-485 725627 . . .
WR502 0.03918 1 +15:54:04.52 +21:34:56.66 3 SF 2171-53557-183 727388 . . .
WR503 0.03519 1 +16:02:50.98 +15:57:39.72 2 SF 2197-53555-229 728450 Mrk 0695
WR504 0.03691 1 +16:06:37.82 +18:23:53.42 2 SF 2200-53875-447 730115 . . .
WR505 0.01643 1 +16:27:51.17 +13:35:13.73 2 SF 2202-53566-017 730684 . . .
WR506 0.02595 1 +16:31:35.78 +13:38:13.68 2 SF 2203-53915-533 731375 CGCG 080-043
WR507 0.03386 1 +16:30:56.47 +16:35:06.87 2 SF 2207-53558-235 732695 . . .
WR508 0.00252 1 +11:00:15.28 +28:56:44.64 2 SF 2211-53786-354 734007 KISSB 042
WR509 0.00199 1 +11:00:25.75 +28:58:37.25 2 SF 2211-53786-358 734011 NGC 3486
WR510 0.02154 1 +11:07:29.66 +26:03:55.43 2 SF 2212-53789-172 734372 . . .
WR511 0.04431 1 +11:08:07.48 +27:06:02.79 2 Comp 2212-53789-577 734650 . . .
WR512 0.06966 1 +11:12:04.45 +26:02:40.80 2 SF 2214-53794-230 735385 . . .
WR513 0.03859 1 +11:09:20.30 +26:19:09.72 2 Comp 2214-53794-314 735450 . . .
WR514 0.00536 1 +11:23:07.30 +30:28:42.77 2 SF 2217-53794-322 736875 . . .
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR515 0.01100 1 +11:58:04.89 +27:52:27.28 2 SF 2223-53793-629 740024 NGC 4004
WR516 0.11228 1 +11:52:05.93 +28:40:52.58 2 SF 2224-53815-242 740192 KISSB 079
WR517 0.01291 1 +12:09:01.56 +29:15:08.17 2 SF 2228-53818-137 742120 NGC 4132
WR518 0.00190 1 +12:09:22.76 +29:55:58.04 2 SF 2228-53818-158 742137 NGC 4136
WR519 0.00211 1 +12:09:15.92 +29:55:35.27 2 SF 2228-53818-173 742149 NGC 4136
WR520 0.13457 1 +12:07:32.56 +29:11:52.05 2 SF 2228-53818-260 742220 . . .
WR521 0.01333 1 +12:09:01.40 +29:15:00.37 2 Comp 2230-53799-315 743287 NGC 4132
WR522 0.04331 1 +12:22:22.46 +31:07:55.30 2 SF 2232-53827-404 744361 . . .
WR523 0.00349 1 +12:45:16.87 +27:07:30.78 3 SF 2236-53729-038 745983 NGC 4670
WR524 0.01548 1 +12:37:41.16 +27:07:46.42 2 SF 2236-53729-197 746092 IC 3600
WR525 0.02079 1 +12:37:41.19 +26:42:27.51 2 SF 2236-53729-213 746103 IC 3599
WR526 0.00233 1 +12:36:00.77 +27:56:20.56 3 SF 2236-53729-385 746238 NGC 4559
WR527 0.04493 1 +12:53:54.50 +26:24:35.62 2 Comp 2240-53823-220 747485 . . .
WR528 0.02347 1 +13:26:51.27 +26:35:28.47 2 SF 2244-53795-581 748664 VV 831
WR529 0.02907 1 +07:53:31.69 +14:02:37.40 2 SF 2264-53682-424 749483 LCSB S1074P
WR530 0.04491 1 +07:55:50.65 +14:47:56.06 2 SF 2266-53679-279 750073 . . .
WR531 0.09774 1 +08:23:52.57 +18:14:41.48 2 Comp 2273-53709-378 753089 . . .
WR532 0.01914 1 +08:33:18.14 +19:20:45.06 2 SF 2275-53709-484 753981 CGCG 089-046
WR533 0.03618 1 +09:13:25.54 +19:50:56.06 2 SF 2286-53700-071 758135 . . .
WR534 0.07395 1 +09:09:56.16 +23:29:34.55 2 Comp 2287-53705-462 758770 . . .
WR535 0.05006 1 +09:17:06.87 +21:00:50.56 2 Comp 2288-53699-537 759170 . . .
WR536 0.00148 1 +09:32:09.68 +21:31:06.59 3 SF 2292-53713-310 760458 NGC 2903
WR537 0.02119 1 +10:10:40.31 +24:24:50.93 2 Comp 2343-53735-577 764618 IC 2551
WR538 0.00454 1 +10:06:18.15 +28:56:41.95 2 Comp 2345-53757-620 765571 UGCA 201
WR539 0.01797 1 +10:10:58.85 +25:30:15.78 2 SF 2347-53757-133 766128 WAS 06
WR540 0.00474 1 +10:31:06.77 +28:47:48.01 2 SF 2354-53799-121 769070 NGC 3265
WR541 0.00219 1 +10:43:31.63 +24:57:58.86 3 SF 2355-53792-229 769588 WAS 14
WR542 0.00200 1 +10:43:36.13 +24:55:52.70 2 SF 2355-53792-232 769591 NGC 3344
WR543 0.07593 1 +10:42:29.86 +25:28:38.81 2 SF 2355-53792-436 769737 . . .
WR544 0.02567 1 +10:48:44.21 +26:03:13.12 2 SF 2355-53792-574 769825 Mrk 0727
WR545 0.03448 1 +10:36:51.04 +27:15:00.92 3 SF 2356-53786-184 770006 . . .
WR546 0.02245 1 +10:48:52.10 +26:56:55.42 2 SF 2358-53797-123 770840 CGCG 155-018
WR547 0.04436 1 +10:45:49.80 +27:37:11.24 2 SF 2358-53797-234 770915 Mrk 0726
WR548 0.00452 1 +10:54:21.87 +27:14:22.15 3 SF 2359-53826-205 771295 NGC 3451
WR549 0.03013 1 +10:53:10.85 +27:43:13.93 2 SF 2359-53826-222 771307 . . .
WR550 0.04480 1 +09:40:00.51 +20:31:22.54 3 SF 2361-53762-523 772329 . . .
WR551 0.04178 1 +09:52:45.68 +18:56:15.13 2 Comp 2362-53759-003 772398 . . .
WR552 0.02000 1 +09:53:22.22 +20:26:55.00 2 SF 2362-53759-628 772869 . . .
WR553 0.02566 1 +09:53:07.58 +19:47:28.69 2 SF 2363-53763-290 773110 . . .
WR554 0.00424 1 +10:10:32.80 +22:00:39.63 2 SF 2364-53737-618 773748 WAS 05
WR555 0.01897 1 +10:24:02.74 +21:04:50.03 2 SF 2366-53741-124 774285 LSBC D568-03
WR556 0.00403 1 +10:31:49.70 +23:25:02.66 2 SF 2367-53763-416 774924 . . .
WR557 0.02725 1 +09:34:08.60 +17:56:44.04 3 Comp 2369-53733-355 775721 . . .
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Table 3. continued.
Running ID Z SciPri4 α (J2000) δ WR BPT Spectrum ID Index5 Other names
Plate–MJD–FiberID
WR558 0.02459 1 +10:22:41.04 +20:51:32.93 2 AGN 2374-53765-540 778127 CGCG 124-018
WR559 0.06518 1 +10:29:33.80 +21:04:26.39 2 SF 2376-53770-340 778909 . . .
WR560 0.02943 1 +08:42:20.94 +11:50:00.39 2 SF 2426-53795-015 779461 . . .
WR561 0.00710 1 +08:42:48.21 +14:15:54.90 2 SF 2429-53799-267 780805 CGCG 060-036
WR562 0.15107 1 +08:52:23.29 +11:56:09.07 3 AGN 2430-53815-118 781112 . . .
WR563 0.05026 1 +09:04:34.39 +14:35:39.41 2 SF 2434-53826-469 782774 IC 2431
WR564 0.03673 1 +10:57:41.29 +15:20:03.24 2 SF 2483-53852-001 785396 Mrk 1272
WR565 0.03210 1 +11:05:55.74 +17:20:48.14 2 SF 2491-53855-358 787711 . . .
WR566 0.02323 1 +11:33:34.41 +24:32:03.50 2 SF 2505-53856-295 788705 . . .
WR567 0.03335 1 +11:34:30.81 +24:24:46.75 2 SF 2505-53856-296 788706 Mrk 1300
WR568 0.02556 1 +11:51:27.48 +21:18:16.26 2 SF 2511-53882-076 790065 . . .
WR569 0.00781 0 +01:22:08.98 +00:56:53.50 2 SF 1500-53730-579 792137 NGC 0493
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Table 4. The luminosities and equivalent widths of the Wolf-Rayet features in the spectra.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)6
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR000 3.65 ± 0.99 . . . 3.88 ± 0.99 . . . 2.64 ± 0.20 . . . 10.15 ± 5.93
WR001 0.30 ± 0.91 −0.17 ± 0.81 0.34 ± 0.91 −0.14 ± 0.81 2.29 ± 0.24 1.34 ± 0.18 10.42 ± 1.95
WR002 3.88 ± 0.49 3.35 ± 0.32 4.39 ± 0.49 3.74 ± 0.32 5.79 ± 0.46 2.06 ± 0.25 3.66 ± 0.85
WR003 2.72 ± 0.48 . . . 3.14 ± 0.48 . . . 2.97 ± 0.25 . . . 8.33 ± 3.44
WR004 2.40 ± 0.79 . . . 3.01 ± 0.79 . . . 1.69 ± 0.24 . . . 7.84 ± 2.37
WR005 3.12 ± 0.42 . . . 3.34 ± 0.42 . . . 2.68 ± 0.30 . . . (15)
WR006 2.17 ± 0.52 . . . 2.30 ± 0.52 . . . 2.96 ± 0.19 . . . 7.24 ± 1.40
WR007 3.50 ± 0.54 . . . 3.80 ± 0.54 . . . 3.36 ± 0.29 . . . 9.90 ± 3.81
WR008 0.11 ± 0.40 . . . 0.19 ± 0.40 . . . 1.75 ± 0.20 . . . (10)
WR009 2.10 ± 0.17 . . . 2.20 ± 0.17 . . . 2.42 ± 0.16 . . . (10)
WR010 3.73 ± 0.86 . . . 3.87 ± 0.86 . . . 1.70 ± 0.16 . . . 5.02 ± 1.08
WR011 4.04 ± 0.43 . . . 4.45 ± 0.43 . . . 2.77 ± 0.25 . . . (10)
WR012 2.82 ± 0.21 . . . 3.10 ± 0.21 . . . 4.16 ± 0.27 . . . (10)
WR013 2.68 ± 0.87 . . . 2.97 ± 0.87 . . . 3.04 ± 0.25 . . . 6.73 ± 1.23
WR014 −0.16 ± 0.36 . . . 0.17 ± 0.36 . . . 3.23 ± 0.29 . . . 3.99 ± 0.50
WR015 0.29 ± 0.62 0.09 ± 0.15 0.44 ± 0.62 0.20 ± 0.15 3.01 ± 0.17 2.80 ± 0.21 8.91 ± 1.06
WR016 2.33 ± 1.65 . . . 2.39 ± 1.65 . . . 2.32 ± 0.32 . . . 8.24 ± 13.44
WR017 2.79 ± 1.67 . . . 3.24 ± 1.67 . . . 4.09 ± 0.38 . . . 12.65 ± 39.21
WR018 4.84 ± 0.65 . . . 4.86 ± 0.65 . . . 5.17 ± 0.36 . . . 8.87 ± 1.10
WR019 −0.41 ± 0.52 . . . −0.13 ± 0.52 . . . 2.07 ± 0.29 . . . 11.19 ± 2.46
WR020 2.30 ± 0.63 . . . 2.50 ± 0.63 . . . 6.03 ± 0.43 . . . 4.55 ± 0.74
WR021 2.64 ± 0.36 . . . 2.95 ± 0.36 . . . 3.04 ± 0.31 . . . (10)
WR022 3.56 ± 1.31 . . . 3.82 ± 1.31 . . . 0.20 ± 0.06 . . . 1.00 ± 1.35
WR023 2.77 ± 3.81 . . . 3.17 ± 3.81 . . . 1.03 ± 0.15 . . . 6.61 ± 1.45
WR024 0.21 ± 0.31 . . . 0.75 ± 0.31 . . . 2.97 ± 0.30 . . . 6.05 ± 0.87
WR025 2.99 ± 0.33 2.74 ± 0.80 3.12 ± 0.33 2.84 ± 0.80 4.51 ± 0.31 3.63 ± 0.23 9.76 ± 1.31
WR026 0.13 ± 0.66 . . . 0.14 ± 0.66 . . . 8.36 ± 0.63 . . . 9.39 ± 2.45
WR027 3.50 ± 0.43 . . . 4.02 ± 0.43 . . . 10.13 ± 0.68 . . . 14.62 ± 1.70
WR028 2.42 ± 0.36 . . . 2.57 ± 0.36 . . . 3.00 ± 0.33 . . . 9.34 ± 1.96
WR029 0.76 ± 0.69 . . . 0.83 ± 0.69 . . . 3.67 ± 0.37 . . . 18.18 ± 4.08
WR030 3.04 ± 0.32 . . . 3.98 ± 0.32 . . . 4.73 ± 0.29 . . . 8.64 ± 0.79
WR031 0.07 ± 0.47 . . . 0.36 ± 0.47 . . . 1.57 ± 0.21 . . . 6.49 ± 1.12
WR032 4.67 ± 0.49 . . . 4.81 ± 0.49 . . . 4.53 ± 0.43 . . . (10)
WR033 −0.06 ± 0.58 −0.59 ± 0.20 0.04 ± 0.58 −0.52 ± 0.20 11.93 ± 0.64 5.88 ± 0.54 10.61 ± 1.12
WR034 5.35 ± 0.63 . . . 5.56 ± 0.63 . . . 4.37 ± 0.28 . . . (20)
WR035 3.63 ± 1.42 . . . 4.27 ± 1.42 . . . 2.04 ± 0.18 . . . 3.03 ± 0.42
WR036 2.15 ± 0.29 . . . 2.43 ± 0.29 . . . 1.85 ± 0.15 . . . 7.66 ± 1.93
WR037 2.32 ± 0.42 . . . 2.47 ± 0.42 . . . 4.50 ± 0.40 . . . 6.70 ± 1.19
WR038 1.89 ± 0.26 . . . 1.98 ± 0.26 . . . 6.91 ± 0.50 . . . (15)
WR039 3.71 ± 0.47 . . . 3.89 ± 0.47 . . . 3.98 ± 0.31 . . . 5.45 ± 0.81
WR040 4.87 ± 0.49 . . . 4.87 ± 0.49 . . . 7.03 ± 0.58 . . . 14.84 ± 2.26
WR041 3.42 ± 0.25 . . . 3.59 ± 0.25 . . . 6.17 ± 0.29 . . . 10.41 ± 0.83
WR042 1.15 ± 0.26 . . . 1.28 ± 0.26 . . . 6.74 ± 0.53 . . . 7.53 ± 1.28
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR043 3.17 ± 0.72 . . . 3.49 ± 0.72 . . . 0.94 ± 0.17 . . . (10)
WR044 4.88 ± 0.92 . . . 5.01 ± 0.92 . . . 1.42 ± 0.22 . . . 3.80 ± 1.53
WR045 4.11 ± 0.34 . . . 4.45 ± 0.34 . . . 3.37 ± 0.23 . . . (10)
WR046 4.86 ± 0.35 . . . 4.92 ± 0.35 . . . 1.91 ± 0.16 . . . 4.90 ± 0.58
WR047 5.63 ± 0.78 5.11 ± 0.49 5.90 ± 0.78 5.32 ± 0.49 2.48 ± 0.13 1.09 ± 0.03 10.04 ± 3.48
WR048 4.68 ± 2.36 . . . 4.96 ± 2.36 . . . 1.09 ± 0.13 . . . 13.55 ± 46.05
WR049 0.48 ± 0.54 −0.07 ± 0.78 0.65 ± 0.54 0.06 ± 0.78 13.19 ± 0.63 6.03 ± 0.48 (25)
WR050 3.85 ± 0.59 . . . 4.23 ± 0.59 . . . 1.77 ± 0.24 . . . 6.69 ± 1.64
WR051 2.21 ± 0.57 . . . 2.66 ± 0.57 . . . 2.21 ± 0.18 . . . 11.74 ± 19.55
WR052 0.14 ± 0.45 . . . 0.65 ± 0.45 . . . 2.00 ± 0.24 . . . 9.73 ± 4.31
WR053 3.53 ± 0.52 . . . 3.65 ± 0.52 . . . 1.47 ± 0.19 . . . 8.91 ± 6.27
WR054 3.66 ± 0.71 . . . 4.26 ± 0.71 . . . 2.47 ± 0.28 . . . (15)
WR055 5.35 ± 0.41 . . . 5.82 ± 0.41 . . . 3.42 ± 0.25 . . . 8.14 ± 1.08
WR056 2.07 ± 0.58 . . . 2.15 ± 0.58 . . . 2.98 ± 0.30 . . . 8.90 ± 1.81
WR057 2.06 ± 1.06 . . . 2.14 ± 1.06 . . . 3.30 ± 0.30 . . . 12.07 ± 2.68
WR058 4.85 ± 1.16 . . . 4.95 ± 1.16 . . . 1.74 ± 0.16 . . . 9.95 ± 3.35
WR059 5.65 ± 0.34 . . . 5.95 ± 0.34 . . . 6.38 ± 0.32 . . . 5.34 ± 0.69
WR060 5.16 ± 0.25 . . . 5.27 ± 0.25 . . . 13.26 ± 0.60 . . . 25.76 ± 2.39
WR061 3.73 ± 1.12 . . . 3.90 ± 1.12 . . . 2.81 ± 0.26 . . . 11.64 ± 6.95
WR062 −1.98 ± 1.56 . . . −1.98 ± 1.56 . . . 3.88 ± 0.34 . . . 9.87 ± 2.23
WR063 −1.97 ± 0.91 −2.18 ± 0.23 −1.76 ± 0.91 −2.02 ± 0.23 4.35 ± 0.37 4.05 ± 0.31 11.65 ± 2.68
WR064 −1.84 ± 0.26 . . . −1.62 ± 0.26 . . . 3.28 ± 0.26 . . . (20)
WR065 4.35 ± 0.22 . . . 4.35 ± 0.22 . . . 18.91 ± 0.42 . . . 18.93 ± 0.73
WR066 4.17 ± 0.74 . . . 4.61 ± 0.74 . . . 2.97 ± 0.32 . . . 6.04 ± 1.58
WR067 −1.54 ± 0.41 . . . −1.36 ± 0.41 . . . 4.09 ± 0.37 . . . 8.26 ± 1.23
WR068 4.67 ± 0.37 . . . 5.04 ± 0.37 . . . 1.76 ± 0.21 . . . 5.77 ± 0.92
WR069 4.18 ± 0.21 . . . 4.36 ± 0.21 . . . 3.64 ± 0.24 . . . 10.77 ± 1.91
WR070 4.38 ± 0.80 . . . 4.50 ± 0.80 . . . 8.64 ± 0.59 . . . 2.28 ± 0.60
WR071 3.05 ± 0.31 . . . 3.05 ± 0.31 . . . 6.79 ± 0.48 . . . 13.13 ± 2.04
WR072 5.10 ± 0.50 . . . 5.10 ± 0.50 . . . 2.68 ± 0.35 . . . 3.68 ± 0.56
WR073 4.72 ± 0.59 . . . 4.84 ± 0.59 . . . 1.88 ± 0.19 . . . 6.02 ± 1.00
WR074 0.09 ± 0.50 . . . 0.26 ± 0.50 . . . 4.50 ± 0.29 . . . (15)
WR075 0.14 ± 0.55 . . . 0.14 ± 0.55 . . . 3.91 ± 0.35 . . . 14.06 ± 3.34
WR076 1.71 ± 1.04 . . . 1.92 ± 1.04 . . . 1.80 ± 0.24 . . . 9.50 ± 2.99
WR077 1.22 ± 0.64 . . . 1.22 ± 0.64 . . . 1.56 ± 0.23 . . . 8.73 ± 2.25
WR078 1.32 ± 0.54 . . . 1.40 ± 0.54 . . . 4.73 ± 0.26 . . . 11.47 ± 1.46
WR079 3.73 ± 0.26 3.20 ± 0.66 3.89 ± 0.26 3.32 ± 0.66 8.81 ± 0.27 3.59 ± 0.20 25.45 ± 2.10
WR080 3.18 ± 0.62 . . . 3.74 ± 0.62 . . . 1.82 ± 0.15 . . . 11.63 ± 4.77
WR081 4.53 ± 0.34 . . . 4.85 ± 0.34 . . . 2.08 ± 0.20 . . . 4.58 ± 0.48
WR082 2.39 ± 0.28 . . . 2.54 ± 0.28 . . . 4.91 ± 0.35 . . . (10)
WR083 −1.17 ± 0.68 . . . −1.09 ± 0.68 . . . 3.84 ± 0.45 . . . 6.53 ± 0.96
WR084 2.96 ± 0.38 2.59 ± 0.72 3.13 ± 0.38 2.72 ± 0.72 9.80 ± 0.51 5.83 ± 0.42 16.62 ± 2.42
WR085 4.25 ± 0.18 . . . 4.62 ± 0.18 . . . 2.41 ± 0.17 . . . 3.91 ± 0.19
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR086 2.54 ± 0.72 . . . 2.74 ± 0.72 . . . 3.21 ± 0.28 . . . 8.21 ± 5.35
WR087 4.02 ± 0.45 . . . 4.43 ± 0.45 . . . 2.29 ± 0.28 . . . 7.18 ± 1.15
WR088 2.01 ± 0.45 . . . 2.19 ± 0.45 . . . 7.14 ± 0.58 . . . 7.69 ± 1.47
WR089 0.26 ± 0.24 . . . 0.82 ± 0.24 . . . 2.36 ± 0.17 . . . 5.74 ± 0.72
WR090 2.29 ± 0.36 . . . 2.69 ± 0.36 . . . 1.62 ± 0.21 . . . (10)
WR091 −0.98 ± 0.64 . . . −0.89 ± 0.64 . . . 2.37 ± 0.34 . . . 13.13 ± 4.64
WR092 −0.44 ± 0.67 . . . −0.24 ± 0.67 . . . 2.87 ± 0.23 . . . 10.93 ± 1.57
WR093 4.38 ± 0.68 . . . 4.38 ± 0.68 . . . 2.47 ± 0.23 . . . 6.06 ± 1.41
WR094 5.63 ± 0.68 . . . 5.87 ± 0.68 . . . 1.11 ± 0.16 . . . 3.93 ± 0.70
WR095 −1.05 ± 0.46 . . . −0.94 ± 0.46 . . . 2.16 ± 0.25 . . . 8.35 ± 1.86
WR096 2.66 ± 0.45 . . . 2.97 ± 0.45 . . . 3.17 ± 0.33 . . . 5.27 ± 0.88
WR097 3.13 ± 0.82 . . . 3.66 ± 0.82 . . . 1.84 ± 0.21 . . . (10)
WR098 4.58 ± 0.37 . . . 4.83 ± 0.37 . . . 4.31 ± 0.36 . . . 9.75 ± 2.00
WR099 2.93 ± 0.59 . . . 3.24 ± 0.59 . . . 4.14 ± 0.35 . . . (15)
WR100 0.47 ± 0.97 . . . 0.70 ± 0.97 . . . 2.58 ± 0.17 . . . 14.31 ± 2.49
WR101 3.38 ± 1.26 . . . 3.53 ± 1.26 . . . 5.61 ± 0.42 . . . 2.04 ± 0.34
WR102 4.17 ± 0.58 . . . 4.46 ± 0.58 . . . 8.42 ± 0.46 . . . 14.43 ± 1.99
WR103 1.52 ± 0.19 . . . 1.86 ± 0.19 . . . 7.75 ± 0.34 . . . 8.32 ± 0.72
WR104 2.70 ± 0.47 . . . 2.72 ± 0.47 . . . 3.27 ± 0.34 . . . (10)
WR105 3.99 ± 0.85 . . . 3.99 ± 0.85 . . . 38.64 ± 1.69 . . . (15)
WR106 −1.42 ± 1.13 . . . −1.42 ± 1.13 . . . 1.90 ± 0.15 . . . 12.78 ± 7.94
WR107 5.01 ± 0.80 . . . 5.13 ± 0.80 . . . 2.97 ± 0.26 . . . 6.46 ± 1.20
WR108 4.86 ± 0.38 . . . 5.04 ± 0.38 . . . 4.88 ± 0.28 . . . (10)
WR109 2.84 ± 1.09 . . . 3.30 ± 1.09 . . . 3.38 ± 0.30 . . . 7.78 ± 2.37
WR110 5.42 ± 0.65 . . . 5.64 ± 0.65 . . . 2.89 ± 0.32 . . . 5.54 ± 1.20
WR111 4.75 ± 1.56 . . . 5.20 ± 1.56 . . . 1.85 ± 0.23 . . . 9.31 ± 7.08
WR112 0.77 ± 0.38 . . . 1.21 ± 0.38 . . . 2.99 ± 0.23 . . . 12.19 ± 4.72
WR113 3.09 ± 0.95 . . . 3.27 ± 0.95 . . . 1.75 ± 0.19 . . . 5.34 ± 0.62
WR114 5.91 ± 0.62 . . . 6.03 ± 0.62 . . . 7.01 ± 0.46 . . . 9.18 ± 1.90
WR115 3.56 ± 0.95 . . . 4.23 ± 0.95 . . . 1.47 ± 0.17 . . . 3.99 ± 1.09
WR116 3.82 ± 0.46 . . . 4.16 ± 0.46 . . . 2.32 ± 0.26 . . . 9.64 ± 1.75
WR117 5.03 ± 0.38 . . . 5.26 ± 0.38 . . . 3.91 ± 0.30 . . . 13.95 ± 2.55
WR118 0.80 ± 0.66 . . . 0.90 ± 0.66 . . . 1.29 ± 0.20 . . . 8.59 ± 2.13
WR119 3.50 ± 0.26 . . . 4.04 ± 0.26 . . . 2.31 ± 0.21 . . . (10)
WR120 3.90 ± 0.57 . . . 4.14 ± 0.57 . . . 3.61 ± 0.34 . . . 10.20 ± 5.64
WR121 2.27 ± 0.25 . . . 2.61 ± 0.25 . . . 1.62 ± 0.19 . . . (10)
WR122 −1.20 ± 0.50 −1.38 ± 0.08 −1.06 ± 0.50 −1.27 ± 0.08 7.77 ± 0.37 9.55 ± 0.50 14.37 ± 1.59
WR123 4.55 ± 0.89 . . . 5.01 ± 0.89 . . . 8.47 ± 0.40 . . . 9.29 ± 4.08
WR124 3.44 ± 0.87 . . . 3.69 ± 0.87 . . . 1.81 ± 0.19 . . . 11.39 ± 25.50
WR125 1.95 ± 0.56 . . . 2.25 ± 0.56 . . . 2.52 ± 0.28 . . . 9.36 ± 2.52
WR126 5.40 ± 0.87 . . . 5.64 ± 0.87 . . . 4.15 ± 0.26 . . . 3.95 ± 0.37
WR127 5.85 ± 0.29 . . . 6.23 ± 0.29 . . . 2.79 ± 0.22 . . . 6.57 ± 1.12
WR128 4.73 ± 0.69 . . . 4.83 ± 0.69 . . . 4.40 ± 0.33 . . . 6.98 ± 4.08
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR129 4.75 ± 0.27 . . . 5.44 ± 0.27 . . . 2.88 ± 0.21 . . . 9.66 ± 1.00
WR130 3.64 ± 0.40 . . . 4.26 ± 0.40 . . . 2.12 ± 0.16 . . . 3.73 ± 0.31
WR131 3.96 ± 0.67 . . . 4.38 ± 0.67 . . . 2.35 ± 0.24 . . . 5.81 ± 0.75
WR132 4.70 ± 0.49 . . . 5.30 ± 0.49 . . . 2.56 ± 0.20 . . . 3.82 ± 0.47
WR133 4.11 ± 0.29 . . . 4.66 ± 0.29 . . . 3.70 ± 0.27 . . . 6.74 ± 1.16
WR134 1.94 ± 0.61 . . . 2.12 ± 0.61 . . . 2.63 ± 0.27 . . . (10)
WR135 3.40 ± 0.59 . . . 4.12 ± 0.59 . . . 1.93 ± 0.22 . . . 5.48 ± 1.08
WR136 2.29 ± 0.35 . . . 2.80 ± 0.35 . . . 2.73 ± 0.23 . . . 6.67 ± 0.60
WR137 2.91 ± 0.55 . . . 2.91 ± 0.55 . . . 3.17 ± 0.37 . . . 6.24 ± 1.41
WR138 2.50 ± 0.23 2.30 ± 0.16 2.71 ± 0.23 2.46 ± 0.16 3.34 ± 0.23 2.60 ± 0.17 (15)
WR139 4.99 ± 1.94 . . . 5.12 ± 1.94 . . . 4.57 ± 0.34 . . . 8.33 ± 13.20
WR140 3.49 ± 0.53 . . . 3.94 ± 0.53 . . . 4.12 ± 0.39 . . . 10.65 ± 3.43
WR141 4.39 ± 1.36 . . . 4.41 ± 1.36 . . . 2.77 ± 0.25 . . . 8.25 ± 4.17
WR142 2.58 ± 0.50 . . . 2.92 ± 0.50 . . . 3.05 ± 0.35 . . . 5.50 ± 0.97
WR143 1.97 ± 0.23 . . . 1.97 ± 0.23 . . . 4.13 ± 0.32 . . . 6.54 ± 0.93
WR144 3.57 ± 0.55 . . . 3.84 ± 0.55 . . . 4.24 ± 0.37 . . . 9.87 ± 1.85
WR145 5.16 ± 0.46 . . . 5.41 ± 0.46 . . . 4.88 ± 0.36 . . . 13.44 ± 2.88
WR146 5.16 ± 1.54 . . . 5.41 ± 1.54 . . . 1.73 ± 0.17 . . . (10)
WR147 3.71 ± 0.76 . . . 3.71 ± 0.76 . . . 4.50 ± 0.32 . . . 14.05 ± 3.67
WR148 3.57 ± 0.48 . . . 3.96 ± 0.48 . . . 3.88 ± 0.36 . . . 7.45 ± 2.58
WR149 3.84 ± 0.50 . . . 4.33 ± 0.50 . . . 1.99 ± 0.24 . . . 3.69 ± 0.51
WR150 1.37 ± 0.62 . . . 2.27 ± 0.62 . . . 1.03 ± 0.17 . . . 7.05 ± 32.59
WR151 1.30 ± 0.68 . . . 2.02 ± 0.68 . . . 0.94 ± 0.13 . . . 8.49 ± 16.89
WR152 2.14 ± 0.66 . . . 2.14 ± 0.66 . . . 3.05 ± 0.30 . . . 14.63 ± 5.42
WR153 5.16 ± 0.77 . . . 5.38 ± 0.77 . . . 1.58 ± 0.20 . . . 5.22 ± 1.38
WR154 1.19 ± 0.36 . . . 1.36 ± 0.36 . . . 4.36 ± 0.37 . . . (10)
WR155 −0.23 ± 0.28 . . . −0.09 ± 0.28 . . . 9.82 ± 0.57 . . . 8.48 ± 0.57
WR156 0.72 ± 0.38 . . . 0.72 ± 0.38 . . . 2.35 ± 0.26 . . . 10.01 ± 2.24
WR157 −0.02 ± 0.30 . . . 0.32 ± 0.30 . . . 4.28 ± 0.40 . . . 8.34 ± 1.07
WR158 4.58 ± 0.60 . . . 4.70 ± 0.60 . . . 2.31 ± 0.26 . . . 6.89 ± 1.54
WR159 0.56 ± 0.70 . . . 0.73 ± 0.70 . . . 8.81 ± 0.42 . . . 6.10 ± 0.44
WR160 −0.95 ± 0.76 −1.67 ± 0.32 −0.91 ± 0.76 −1.65 ± 0.32 6.01 ± 0.47 1.67 ± 0.22 10.56 ± 2.68
WR161 0.50 ± 0.30 . . . 0.50 ± 0.30 . . . 14.18 ± 0.86 . . . 10.65 ± 1.46
WR162 3.66 ± 0.29 . . . 4.03 ± 0.29 . . . 1.49 ± 0.19 . . . 9.65 ± 1.44
WR163 −1.23 ± 1.07 . . . −0.79 ± 1.07 . . . 3.42 ± 0.31 . . . 6.03 ± 0.81
WR164 −1.61 ± 0.56 −1.71 ± 0.28 −1.61 ± 0.56 −1.71 ± 0.28 3.58 ± 0.38 4.42 ± 0.39 12.44 ± 4.12
WR165 3.68 ± 0.33 . . . 3.89 ± 0.33 . . . 3.59 ± 0.33 . . . 4.78 ± 0.42
WR166 2.53 ± 0.25 . . . 2.62 ± 0.25 . . . 4.85 ± 0.43 . . . (5)
WR167 5.13 ± 0.43 . . . 5.65 ± 0.43 . . . 4.12 ± 0.39 . . . 9.73 ± 1.92
WR168 3.05 ± 0.54 . . . 3.21 ± 0.54 . . . 4.10 ± 0.36 . . . 8.93 ± 2.00
WR169 1.22 ± 0.56 . . . 1.51 ± 0.56 . . . 3.73 ± 0.32 . . . 13.09 ± 3.22
WR170 4.44 ± 0.64 . . . 4.79 ± 0.64 . . . 2.44 ± 0.25 . . . 9.31 ± 1.95
WR171 −1.33 ± 0.71 . . . −1.33 ± 0.71 . . . 4.55 ± 0.47 . . . 6.61 ± 1.18
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR172 −3.98 ± 0.77 . . . −3.98 ± 0.77 . . . 3.78 ± 0.48 . . . 5.65 ± 0.94
WR173 3.54 ± 0.44 . . . 3.70 ± 0.44 . . . 3.59 ± 0.37 . . . 12.65 ± 2.89
WR174 3.64 ± 0.41 . . . 3.95 ± 0.41 . . . 1.58 ± 0.19 . . . 5.91 ± 1.04
WR175 3.39 ± 0.77 . . . 3.88 ± 0.77 . . . 1.85 ± 0.23 . . . 7.78 ± 2.91
WR176 0.72 ± 0.34 . . . 2.27 ± 0.34 . . . 2.55 ± 0.22 . . . 10.02 ± 1.98
WR177 2.92 ± 0.36 . . . 2.92 ± 0.36 . . . 2.39 ± 0.25 . . . (10)
WR178 3.66 ± 0.56 . . . 4.09 ± 0.56 . . . 1.18 ± 0.19 . . . (5)
WR179 3.13 ± 0.51 . . . 3.38 ± 0.51 . . . 3.82 ± 0.27 . . . 15.18 ± 3.05
WR180 4.73 ± 0.53 . . . 4.73 ± 0.53 . . . 5.40 ± 0.46 . . . 2.08 ± 1.59
WR181 3.23 ± 0.84 . . . 3.67 ± 0.84 . . . 1.89 ± 0.24 . . . 15.92 ± 8.50
WR182 3.07 ± 0.39 . . . 3.22 ± 0.39 . . . 5.41 ± 0.37 . . . 12.71 ± 1.74
WR183 1.57 ± 0.44 . . . 1.75 ± 0.44 . . . 6.63 ± 0.47 . . . 10.98 ± 1.82
WR184 2.93 ± 0.34 . . . 3.05 ± 0.34 . . . 5.47 ± 0.45 . . . (10)
WR185 1.78 ± 0.75 . . . 2.33 ± 0.75 . . . 1.26 ± 0.17 . . . 11.10 ± 9.06
WR186 −1.97 ± 0.29 . . . −1.56 ± 0.29 . . . 5.87 ± 0.50 . . . 6.19 ± 0.81
WR187 3.12 ± 1.16 . . . 3.40 ± 1.16 . . . 3.87 ± 0.34 . . . 9.42 ± 2.53
WR188 −0.49 ± 0.31 . . . −0.41 ± 0.31 . . . 10.01 ± 0.69 . . . 8.57 ± 1.18
WR189 0.61 ± 0.83 . . . 0.61 ± 0.83 . . . 2.67 ± 0.28 . . . 7.43 ± 1.48
WR190 3.57 ± 0.38 . . . 3.91 ± 0.38 . . . 3.51 ± 0.33 . . . 9.08 ± 1.16
WR191 −0.06 ± 0.29 . . . 0.70 ± 0.29 . . . 2.22 ± 0.24 . . . 10.63 ± 1.75
WR192 −0.16 ± 0.58 . . . 0.52 ± 0.58 . . . 1.44 ± 0.18 . . . 9.76 ± 2.18
WR193 0.18 ± 0.32 . . . 0.36 ± 0.32 . . . 3.57 ± 0.33 . . . (15)
WR194 4.20 ± 0.30 . . . 4.56 ± 0.30 . . . 2.74 ± 0.29 . . . 5.62 ± 0.54
WR195 −0.73 ± 0.23 −1.09 ± 0.18 −0.73 ± 0.23 −1.09 ± 0.18 7.03 ± 0.33 4.66 ± 0.33 10.59 ± 0.85
WR196 2.82 ± 0.22 . . . 3.14 ± 0.22 . . . 4.40 ± 0.36 . . . 8.09 ± 1.14
WR197 4.92 ± 0.53 . . . 5.00 ± 0.53 . . . 6.37 ± 0.47 . . . 10.88 ± 1.93
WR198 3.44 ± 0.43 . . . 3.75 ± 0.43 . . . 2.74 ± 0.31 . . . 7.02 ± 1.49
WR199 −2.48 ± 0.71 −2.61 ± 0.19 −2.31 ± 0.71 −2.48 ± 0.19 15.17 ± 0.41 20.64 ± 0.51 19.69 ± 1.76
WR200 3.10 ± 0.23 . . . 3.22 ± 0.23 . . . 5.42 ± 0.29 . . . 10.80 ± 1.56
WR201 −1.10 ± 0.21 . . . −0.61 ± 0.21 . . . 4.09 ± 0.27 . . . 8.96 ± 1.44
WR202 2.20 ± 0.23 . . . 2.59 ± 0.23 . . . 3.56 ± 0.26 . . . 8.83 ± 1.04
WR203 2.93 ± 0.33 . . . 3.23 ± 0.33 . . . 5.16 ± 0.38 . . . 16.97 ± 2.53
WR204 4.19 ± 1.92 . . . 4.55 ± 1.92 . . . 3.92 ± 0.28 . . . 8.25 ± 1.72
WR205 3.09 ± 0.57 . . . 3.38 ± 0.57 . . . 1.57 ± 0.24 . . . 4.64 ± 0.89
WR206 −0.50 ± 0.54 . . . −0.47 ± 0.54 . . . 6.95 ± 0.51 . . . 12.40 ± 2.91
WR207 3.06 ± 0.27 . . . 3.30 ± 0.27 . . . 9.96 ± 0.67 . . . 7.83 ± 1.01
WR208 3.91 ± 0.53 . . . 4.55 ± 0.53 . . . 5.15 ± 0.40 . . . 11.54 ± 2.88
WR209 0.00 ± 0.27 . . . 0.00 ± 0.27 . . . 3.44 ± 0.24 . . . 14.13 ± 1.87
WR210 5.68 ± 0.55 . . . 5.88 ± 0.55 . . . 2.52 ± 0.28 . . . 8.89 ± 2.48
WR211 5.14 ± 0.42 . . . 5.60 ± 0.42 . . . 2.87 ± 0.29 . . . 8.00 ± 2.50
WR212 3.02 ± 0.76 . . . 3.03 ± 0.76 . . . 3.12 ± 0.35 . . . 9.23 ± 1.43
WR213 4.06 ± 1.94 . . . 4.18 ± 1.94 . . . 9.65 ± 0.63 . . . 8.53 ± 2.49
WR214 0.04 ± 0.62 . . . 0.31 ± 0.62 . . . 2.70 ± 0.23 . . . 7.90 ± 1.66
J
.B
rin
ch
m
an
n
et
al
.:G
alaxies
w
ith
W
olf
-R
ay
et
sig
n
atu
resin
th
e
lo
w
-red
shiftU
niv
erse
,O
nlin
e
M
ate
rialp
21
Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR215 3.79 ± 0.89 . . . 4.26 ± 0.89 . . . 3.10 ± 0.36 . . . 5.66 ± 0.90
WR216 3.27 ± 0.49 . . . 3.51 ± 0.49 . . . 4.62 ± 0.43 . . . 10.74 ± 2.56
WR217 3.54 ± 1.60 . . . 3.88 ± 1.60 . . . 1.67 ± 0.20 . . . 7.03 ± 1.06
WR218 0.04 ± 0.34 . . . 0.10 ± 0.34 . . . 4.34 ± 0.44 . . . 7.11 ± 0.93
WR219 1.14 ± 1.25 . . . 1.21 ± 1.25 . . . 2.17 ± 0.26 . . . 9.06 ± 2.64
WR220 3.41 ± 0.44 . . . 3.85 ± 0.44 . . . 4.88 ± 0.43 . . . 18.94 ± 3.73
WR221 1.46 ± 0.61 . . . 1.69 ± 0.61 . . . 3.37 ± 0.36 . . . 13.19 ± 6.94
WR222 3.13 ± 3.15 . . . 3.37 ± 3.15 . . . 2.63 ± 0.29 . . . 10.24 ± 5.01
WR223 3.71 ± 0.85 . . . 3.87 ± 0.85 . . . 5.16 ± 0.48 . . . 10.05 ± 1.70
WR224 4.70 ± 0.27 . . . 5.22 ± 0.27 . . . 2.24 ± 0.21 . . . 3.16 ± 0.77
WR225 3.31 ± 0.30 . . . 3.52 ± 0.30 . . . 4.55 ± 0.36 . . . 7.12 ± 0.69
WR226 0.18 ± 0.64 . . . 0.92 ± 0.64 . . . 1.43 ± 0.21 . . . 4.14 ± 2.31
WR227 3.22 ± 0.29 . . . 3.55 ± 0.29 . . . 13.71 ± 1.09 . . . 4.21 ± 1.30
WR228 0.83 ± 0.48 . . . 0.94 ± 0.48 . . . 2.25 ± 0.33 . . . (10)
WR229 4.79 ± 0.60 . . . 5.09 ± 0.60 . . . 2.57 ± 0.25 . . . 8.74 ± 3.41
WR230 0.50 ± 0.35 . . . 0.82 ± 0.35 . . . 3.32 ± 0.28 . . . 12.10 ± 1.90
WR231 0.43 ± 0.73 . . . 0.98 ± 0.73 . . . 1.93 ± 0.25 . . . 6.03 ± 1.01
WR232 0.98 ± 0.42 . . . 1.07 ± 0.42 . . . 3.17 ± 0.28 . . . 9.14 ± 1.42
WR233 −0.31 ± 0.48 −0.59 ± 0.68 −0.31 ± 0.48 −0.59 ± 0.68 6.58 ± 0.41 4.98 ± 0.39 7.02 ± 0.62
WR234 3.65 ± 0.53 . . . 3.86 ± 0.53 . . . 4.00 ± 0.35 . . . 7.40 ± 2.01
WR235 3.88 ± 0.32 . . . 4.16 ± 0.32 . . . 3.62 ± 0.32 . . . 7.53 ± 0.98
WR236 5.68 ± 0.30 . . . 5.90 ± 0.30 . . . 7.22 ± 0.47 . . . 5.76 ± 0.60
WR237 3.73 ± 0.41 . . . 4.32 ± 0.41 . . . 1.74 ± 0.20 . . . 7.52 ± 2.56
WR238 3.89 ± 0.37 . . . 4.16 ± 0.37 . . . 2.56 ± 0.24 . . . 7.72 ± 1.13
WR239 0.81 ± 0.31 . . . 0.92 ± 0.31 . . . 4.36 ± 0.30 . . . 12.57 ± 1.68
WR240 4.60 ± 0.32 . . . 4.77 ± 0.32 . . . 3.47 ± 0.26 . . . 6.69 ± 1.68
WR241 2.41 ± 0.47 . . . 2.61 ± 0.47 . . . 2.31 ± 0.22 . . . 8.85 ± 21.84
WR242 4.50 ± 0.33 . . . 5.48 ± 0.33 . . . 5.38 ± 0.48 . . . 4.39 ± 0.33
WR243 1.01 ± 0.37 . . . 1.19 ± 0.37 . . . 4.68 ± 0.38 . . . 11.07 ± 3.85
WR244 0.62 ± 0.32 . . . 0.83 ± 0.32 . . . 5.19 ± 0.54 . . . (10)
WR245 1.60 ± 1.23 1.16 ± 0.14 1.78 ± 1.23 1.30 ± 0.14 10.88 ± 0.60 6.15 ± 0.50 10.50 ± 1.71
WR246 0.80 ± 0.21 0.59 ± 0.49 1.10 ± 0.21 0.81 ± 0.49 6.22 ± 0.26 5.73 ± 0.33 12.19 ± 2.43
WR247 5.07 ± 0.59 . . . 5.13 ± 0.59 . . . 2.36 ± 0.27 . . . 8.74 ± 3.04
WR248 −0.43 ± 0.30 −0.71 ± 0.22 1.95 ± 0.30 1.09 ± 0.22 4.29 ± 0.26 3.44 ± 0.28 11.21 ± 1.04
WR249 4.58 ± 0.19 . . . 4.82 ± 0.19 . . . 9.38 ± 0.35 . . . 7.55 ± 0.89
WR250 2.16 ± 0.32 . . . 2.21 ± 0.32 . . . 6.65 ± 0.49 . . . 10.45 ± 2.16
WR251 4.54 ± 0.47 . . . 4.77 ± 0.47 . . . 5.89 ± 0.51 . . . 17.60 ± 3.94
WR252 −3.80 ± 0.45 . . . −3.71 ± 0.45 . . . 12.53 ± 1.17 . . . 10.92 ± 3.56
WR253 −3.41 ± 0.52 . . . −2.39 ± 0.52 . . . 5.98 ± 0.35 . . . 6.98 ± 0.47
WR254 −4.02 ± 0.43 . . . −4.02 ± 0.43 . . . 5.13 ± 0.54 . . . 8.05 ± 1.37
WR255 −2.91 ± 0.88 . . . −2.59 ± 0.88 . . . 9.19 ± 0.56 . . . 7.66 ± 0.63
WR256 −3.19 ± 0.49 . . . −3.19 ± 0.49 . . . 7.27 ± 0.56 . . . 10.28 ± 1.35
WR257 −2.62 ± 0.41 . . . −2.44 ± 0.41 . . . 5.22 ± 0.32 . . . 11.37 ± 4.94
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR258 −3.03 ± 0.75 . . . −2.89 ± 0.75 . . . 6.06 ± 0.31 . . . 7.22 ± 0.64
WR259 −3.95 ± 0.53 . . . −0.79 ± 0.53 . . . 3.58 ± 0.28 . . . 6.37 ± 0.72
WR260 −3.56 ± 0.38 . . . −3.40 ± 0.38 . . . 3.05 ± 0.30 . . . 10.29 ± 1.57
WR261 −3.04 ± 1.66 −3.61 ± 1.07 −0.37 ± 1.66 −1.59 ± 1.07 15.66 ± 0.95 6.65 ± 0.70 10.74 ± 2.91
WR262 −2.34 ± 0.09 . . . −1.76 ± 0.09 . . . 9.88 ± 0.31 . . . 7.29 ± 0.25
WR263 −2.93 ± 0.47 . . . −2.33 ± 0.47 . . . 8.80 ± 0.42 . . . 8.15 ± 0.80
WR264 4.89 ± 0.35 4.42 ± 0.14 5.00 ± 0.35 4.50 ± 0.14 10.40 ± 0.54 4.96 ± 0.32 9.71 ± 1.23
WR265 2.69 ± 0.70 . . . 3.09 ± 0.70 . . . 2.38 ± 0.32 . . . 8.46 ± 3.65
WR266 2.69 ± 0.43 . . . 2.95 ± 0.43 . . . 7.19 ± 0.62 . . . 28.93 ± 4.27
WR267 3.37 ± 0.42 . . . 3.65 ± 0.42 . . . 2.52 ± 0.29 . . . 14.83 ± 2.62
WR268 4.03 ± 0.37 . . . 4.21 ± 0.37 . . . 2.55 ± 0.27 . . . 7.60 ± 1.39
WR269 2.88 ± 1.07 . . . 3.21 ± 1.07 . . . 1.70 ± 0.21 . . . (20)
WR270 −2.07 ± 0.42 . . . −1.91 ± 0.42 . . . 5.92 ± 0.52 . . . 9.13 ± 1.69
WR271 −1.40 ± 0.33 −1.52 ± 0.24 −1.18 ± 0.33 −1.35 ± 0.24 4.07 ± 0.33 4.82 ± 0.37 19.39 ± 3.40
WR272 −1.37 ± 0.43 . . . −1.25 ± 0.43 . . . 10.70 ± 0.53 . . . 17.06 ± 1.81
WR273 −1.43 ± 1.40 . . . −1.43 ± 1.40 . . . 6.48 ± 0.47 . . . 12.28 ± 3.21
WR274 2.66 ± 0.39 2.27 ± 0.40 3.00 ± 0.39 2.52 ± 0.40 4.58 ± 0.28 2.27 ± 0.14 8.06 ± 1.19
WR275 3.30 ± 1.90 . . . 3.62 ± 1.90 . . . 2.13 ± 0.20 . . . 6.02 ± 1.40
WR276 2.58 ± 0.58 . . . 2.71 ± 0.58 . . . 2.34 ± 0.25 . . . 10.19 ± 1.84
WR277 2.23 ± 1.20 . . . 2.36 ± 1.20 . . . 4.26 ± 0.43 . . . 14.38 ± 3.56
WR278 4.14 ± 0.51 . . . 4.59 ± 0.51 . . . 2.90 ± 0.29 . . . 11.73 ± 6.14
WR279 4.77 ± 0.69 4.27 ± 0.77 5.06 ± 0.69 4.49 ± 0.77 8.93 ± 0.45 3.73 ± 0.29 11.92 ± 3.19
WR280 3.40 ± 0.48 . . . 3.79 ± 0.48 . . . 2.87 ± 0.32 . . . 9.29 ± 1.89
WR281 −3.02 ± 0.44 −3.18 ± 0.23 −3.00 ± 0.44 −3.17 ± 0.23 2.84 ± 0.28 3.11 ± 0.32 10.22 ± 2.46
WR282 −2.71 ± 0.35 −2.90 ± 0.46 −2.71 ± 0.35 −2.90 ± 0.46 5.12 ± 0.30 5.16 ± 0.35 12.82 ± 2.17
WR283 −2.72 ± 0.43 −3.23 ± 0.11 −2.72 ± 0.43 −3.23 ± 0.11 8.99 ± 0.35 4.61 ± 0.35 10.21 ± 0.66
WR284 −1.36 ± 0.48 −0.97 ± 0.20 −1.08 ± 0.48 −0.76 ± 0.20 1.34 ± 0.19 4.69 ± 0.36 6.16 ± 2.54
WR285 4.42 ± 0.83 . . . 4.97 ± 0.83 . . . 2.41 ± 0.28 . . . 11.54 ± 9.89
WR286 5.39 ± 0.37 . . . 5.77 ± 0.37 . . . 6.85 ± 0.54 . . . 9.30 ± 1.13
WR287 3.21 ± 0.47 . . . 3.31 ± 0.47 . . . 3.94 ± 0.31 . . . 11.22 ± 1.71
WR288 1.14 ± 0.43 . . . 1.27 ± 0.43 . . . 3.06 ± 0.35 . . . 6.97 ± 2.01
WR289 −1.61 ± 0.45 . . . −1.61 ± 0.45 . . . 7.18 ± 0.49 . . . 10.04 ± 1.28
WR290 4.95 ± 0.45 . . . 4.96 ± 0.45 . . . 8.17 ± 0.36 . . . 4.98 ± 0.40
WR291 5.57 ± 0.49 . . . 6.28 ± 0.49 . . . 2.21 ± 0.24 . . . 11.52 ± 3.81
WR292 3.56 ± 0.64 . . . 3.75 ± 0.64 . . . 5.13 ± 0.42 . . . 10.78 ± 1.67
WR293 3.15 ± 0.71 . . . 3.29 ± 0.71 . . . 4.42 ± 0.39 . . . 15.13 ± 4.28
WR294 4.92 ± 0.63 . . . 5.11 ± 0.63 . . . 4.30 ± 0.42 . . . 10.30 ± 3.18
WR295 −0.56 ± 0.56 . . . −0.52 ± 0.56 . . . 2.21 ± 0.22 . . . 5.92 ± 1.04
WR296 1.62 ± 1.82 . . . 1.89 ± 1.82 . . . 1.25 ± 0.17 . . . 6.39 ± 1.10
WR297 −1.42 ± 0.44 . . . −1.09 ± 0.44 . . . 10.58 ± 0.76 . . . 3.45 ± 0.65
WR298 3.22 ± 0.45 . . . 3.50 ± 0.45 . . . 4.13 ± 0.35 . . . 9.65 ± 2.30
WR299 −1.02 ± 4.59 . . . −0.96 ± 4.59 . . . 6.30 ± 0.50 . . . 11.83 ± 3.69
WR300 0.04 ± 0.33 . . . 0.23 ± 0.33 . . . 5.03 ± 0.34 . . . (15)
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR301 −0.67 ± 0.38 . . . −0.66 ± 0.38 . . . 6.00 ± 0.50 . . . 15.01 ± 2.83
WR302 −1.05 ± 0.67 . . . −0.69 ± 0.67 . . . 3.93 ± 0.38 . . . 14.21 ± 5.06
WR303 −1.83 ± 0.63 . . . −1.83 ± 0.63 . . . 9.03 ± 0.30 . . . 8.25 ± 1.23
WR304 −2.09 ± 0.67 . . . −1.88 ± 0.67 . . . 2.81 ± 0.32 . . . 8.42 ± 1.86
WR305 −1.06 ± 0.27 . . . −0.71 ± 0.27 . . . 12.55 ± 0.47 . . . 34.08 ± 2.01
WR306 −1.39 ± 0.79 . . . −1.09 ± 0.79 . . . 22.50 ± 0.60 . . . 17.78 ± 1.67
WR307 −1.32 ± 0.59 . . . −0.96 ± 0.59 . . . 7.72 ± 0.41 . . . 12.59 ± 1.30
WR308 −3.01 ± 0.81 . . . −2.89 ± 0.81 . . . 2.43 ± 0.28 . . . 8.53 ± 1.19
WR309 −1.53 ± 0.45 . . . −0.75 ± 0.45 . . . 6.30 ± 0.46 . . . 14.81 ± 2.48
WR310 4.50 ± 0.58 . . . 4.79 ± 0.58 . . . 1.69 ± 0.20 . . . 11.91 ± 4.69
WR311 −1.67 ± 0.92 . . . −1.48 ± 0.92 . . . 8.04 ± 0.57 . . . 12.73 ± 2.16
WR312 6.68 ± 0.22 . . . 6.88 ± 0.22 . . . 10.35 ± 0.64 . . . 9.62 ± 1.72
WR313 2.48 ± 0.58 . . . 2.88 ± 0.58 . . . 2.50 ± 0.28 . . . 7.38 ± 1.36
WR314 −2.58 ± 0.47 . . . −2.21 ± 0.47 . . . 1.80 ± 0.24 . . . 6.82 ± 2.08
WR315 −0.11 ± 1.43 . . . −0.11 ± 1.43 . . . 5.65 ± 0.48 . . . 22.19 ± 5.49
WR316 −0.06 ± 0.76 . . . 0.02 ± 0.76 . . . 3.45 ± 0.36 . . . 7.55 ± 5.07
WR317 0.25 ± 0.60 . . . 0.45 ± 0.60 . . . 1.74 ± 0.18 . . . 4.27 ± 0.52
WR318 3.42 ± 0.36 . . . 3.83 ± 0.36 . . . 2.20 ± 0.26 . . . 2.83 ± 0.29
WR319 2.21 ± 1.14 . . . 2.39 ± 1.14 . . . 3.20 ± 0.24 . . . 11.63 ± 4.66
WR320 4.01 ± 0.29 . . . 4.37 ± 0.29 . . . 2.34 ± 0.22 . . . 9.44 ± 2.60
WR321 3.72 ± 0.90 . . . 4.41 ± 0.90 . . . 1.46 ± 0.14 . . . 5.32 ± 0.64
WR322 4.50 ± 0.38 . . . 4.75 ± 0.38 . . . 3.88 ± 0.31 . . . 11.11 ± 2.45
WR323 4.02 ± 0.44 . . . 4.16 ± 0.44 . . . 3.68 ± 0.38 . . . 12.94 ± 3.32
WR324 2.48 ± 0.36 . . . 2.65 ± 0.36 . . . 8.75 ± 0.58 . . . 11.62 ± 1.45
WR325 3.73 ± 0.76 . . . 4.08 ± 0.76 . . . 2.42 ± 0.28 . . . 5.76 ± 0.80
WR326 3.99 ± 0.47 . . . 4.13 ± 0.47 . . . 5.38 ± 0.35 . . . 13.53 ± 2.69
WR327 −1.47 ± 0.85 . . . −1.14 ± 0.85 . . . 2.11 ± 0.22 . . . 11.55 ± 6.06
WR328 −3.13 ± 0.23 . . . −2.98 ± 0.23 . . . 6.28 ± 0.48 . . . 10.42 ± 1.03
WR329 −1.99 ± 0.21 . . . −1.90 ± 0.21 . . . 7.96 ± 0.51 . . . 15.51 ± 1.41
WR330 3.16 ± 0.38 . . . 3.33 ± 0.38 . . . 4.06 ± 0.41 . . . 11.32 ± 2.48
WR331 2.05 ± 0.51 . . . 2.34 ± 0.51 . . . 6.15 ± 0.32 . . . 11.16 ± 1.32
WR332 3.21 ± 0.12 . . . 3.80 ± 0.12 . . . 4.60 ± 0.12 . . . 5.51 ± 0.13
WR333 3.27 ± 0.21 . . . 3.88 ± 0.21 . . . 4.90 ± 0.14 . . . 5.55 ± 0.14
WR334 1.17 ± 0.32 . . . 1.23 ± 0.32 . . . 10.49 ± 0.48 . . . 12.85 ± 1.61
WR335 2.63 ± 0.39 . . . 3.86 ± 0.39 . . . 1.97 ± 0.21 . . . 4.42 ± 0.57
WR336 2.23 ± 0.15 . . . 2.28 ± 0.15 . . . 2.82 ± 0.19 . . . 6.11 ± 1.06
WR337 4.80 ± 0.54 . . . 5.30 ± 0.54 . . . 3.58 ± 0.29 . . . 7.10 ± 3.59
WR338 5.43 ± 0.33 . . . 5.87 ± 0.33 . . . 5.03 ± 0.34 . . . 8.80 ± 0.87
WR339 1.36 ± 0.56 . . . 1.65 ± 0.56 . . . 4.08 ± 0.29 . . . (15)
WR340 0.99 ± 0.37 . . . 1.20 ± 0.37 . . . 6.18 ± 0.44 . . . 10.34 ± 1.54
WR341 4.43 ± 0.37 . . . 4.47 ± 0.37 . . . 4.27 ± 0.31 . . . 9.84 ± 1.18
WR342 5.84 ± 0.31 . . . 6.03 ± 0.31 . . . 10.62 ± 0.54 . . . (10)
WR343 2.84 ± 0.27 . . . 3.35 ± 0.27 . . . 4.91 ± 0.32 . . . (20)
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR344 2.71 ± 0.30 . . . 2.89 ± 0.30 . . . 3.32 ± 0.30 . . . 6.76 ± 1.18
WR345 0.12 ± 0.35 . . . 0.21 ± 0.35 . . . 2.02 ± 0.20 . . . 9.86 ± 3.53
WR346 0.12 ± 0.53 . . . 0.33 ± 0.53 . . . 2.70 ± 0.27 . . . (20)
WR347 5.58 ± 0.68 . . . 5.61 ± 0.68 . . . 8.79 ± 0.50 . . . 24.80 ± 3.50
WR348 3.54 ± 0.83 . . . 3.69 ± 0.83 . . . 5.99 ± 0.61 . . . 9.85 ± 2.39
WR349 3.80 ± 0.82 . . . 4.48 ± 0.82 . . . 3.06 ± 0.33 . . . 8.36 ± 1.42
WR350 4.56 ± 0.77 . . . 4.84 ± 0.77 . . . 4.90 ± 0.38 . . . 5.39 ± 0.50
WR351 3.48 ± 0.49 . . . 3.48 ± 0.49 . . . 2.48 ± 0.28 . . . 10.06 ± 3.72
WR352 3.67 ± 0.44 . . . 3.93 ± 0.44 . . . 2.16 ± 0.25 . . . 7.04 ± 1.02
WR353 −0.30 ± 0.47 . . . −0.30 ± 0.47 . . . 3.05 ± 0.32 . . . 8.07 ± 1.57
WR354 0.54 ± 0.61 . . . 0.62 ± 0.61 . . . 8.08 ± 0.44 . . . 11.78 ± 1.56
WR355 3.75 ± 0.23 . . . 3.93 ± 0.23 . . . 2.67 ± 0.19 . . . 6.01 ± 0.72
WR356 3.26 ± 0.52 . . . 3.37 ± 0.52 . . . 3.38 ± 0.31 . . . 14.49 ± 3.01
WR357 4.68 ± 0.67 . . . 5.16 ± 0.67 . . . 1.94 ± 0.21 . . . 4.35 ± 0.67
WR358 2.24 ± 0.71 . . . 2.59 ± 0.71 . . . 3.82 ± 0.23 . . . 7.15 ± 0.85
WR359 3.70 ± 5.10 . . . 3.81 ± 5.10 . . . 2.26 ± 0.28 . . . 10.75 ± 3.17
WR360 3.91 ± 0.95 . . . 4.33 ± 0.95 . . . 4.28 ± 0.28 . . . 5.52 ± 1.19
WR361 3.79 ± 0.32 . . . 3.98 ± 0.32 . . . 5.98 ± 0.39 . . . 26.25 ± 2.94
WR362 −2.01 ± 0.57 . . . −1.66 ± 0.57 . . . 1.62 ± 0.23 . . . 5.97 ± 1.46
WR363 0.49 ± 0.49 . . . 0.56 ± 0.49 . . . 9.73 ± 0.54 . . . 10.58 ± 3.31
WR364 0.45 ± 0.11 . . . 0.45 ± 0.11 . . . 8.70 ± 0.31 . . . 8.56 ± 0.28
WR365 3.08 ± 0.55 . . . 3.34 ± 0.55 . . . 2.06 ± 0.24 . . . (10)
WR366 2.84 ± 1.13 . . . 3.33 ± 1.13 . . . 4.80 ± 0.62 . . . 7.50 ± 26.08
WR367 5.24 ± 0.22 . . . 5.75 ± 0.22 . . . 5.70 ± 0.25 . . . (10)
WR368 2.09 ± 0.46 . . . 2.12 ± 0.46 . . . 2.65 ± 0.27 . . . (15)
WR369 −3.18 ± 0.61 . . . −3.18 ± 0.61 . . . 3.71 ± 0.36 . . . 7.26 ± 1.09
WR370 5.43 ± 0.29 . . . 6.04 ± 0.29 . . . 7.15 ± 0.55 . . . 8.82 ± 1.23
WR371 4.52 ± 0.36 . . . 5.17 ± 0.36 . . . 2.39 ± 0.21 . . . 7.89 ± 1.03
WR372 3.69 ± 0.31 . . . 3.92 ± 0.31 . . . 3.23 ± 0.30 . . . 6.55 ± 0.94
WR373 3.02 ± 0.33 . . . 3.51 ± 0.33 . . . 2.48 ± 0.27 . . . 8.17 ± 2.17
WR374 0.94 ± 0.39 . . . 0.96 ± 0.39 . . . 3.51 ± 0.34 . . . 8.02 ± 1.62
WR375 3.60 ± 0.50 . . . 4.29 ± 0.50 . . . 2.61 ± 0.25 . . . 7.76 ± 1.25
WR376 3.75 ± 0.74 . . . 3.75 ± 0.74 . . . 2.81 ± 0.31 . . . 11.19 ± 3.30
WR377 4.42 ± 0.44 . . . 4.88 ± 0.44 . . . 4.14 ± 0.35 . . . 9.55 ± 2.14
WR378 −0.50 ± 0.39 . . . −0.46 ± 0.39 . . . 5.37 ± 0.43 . . . 6.12 ± 0.91
WR379 5.47 ± 0.32 . . . 6.16 ± 0.32 . . . 5.64 ± 0.27 . . . 6.18 ± 0.63
WR380 −0.23 ± 0.61 . . . −0.23 ± 0.61 . . . 7.03 ± 0.54 . . . 10.40 ± 1.38
WR381 3.31 ± 0.55 . . . 3.67 ± 0.55 . . . 3.73 ± 0.31 . . . (10)
WR382 0.11 ± 0.79 . . . 0.22 ± 0.79 . . . 2.55 ± 0.26 . . . 7.12 ± 0.81
WR383 3.35 ± 6.38 . . . 3.41 ± 6.38 . . . 1.69 ± 0.18 . . . 12.71 ± 5.11
WR384 1.96 ± 0.63 . . . 2.13 ± 0.63 . . . 4.57 ± 0.37 . . . 14.93 ± 2.81
WR385 −0.71 ± 0.23 . . . −0.71 ± 0.23 . . . 6.31 ± 0.29 . . . 13.12 ± 1.34
WR386 4.47 ± 0.37 . . . 4.51 ± 0.37 . . . 10.67 ± 0.73 . . . 11.26 ± 1.49
J
.B
rin
ch
m
an
n
et
al
.:G
alaxies
w
ith
W
olf
-R
ay
et
sig
n
atu
resin
th
e
lo
w
-red
shiftU
niv
erse
,O
nlin
e
M
ate
rialp
25
Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR387 0.83 ± 0.41 . . . 1.41 ± 0.41 . . . 4.55 ± 0.39 . . . (10)
WR388 0.51 ± 0.76 . . . 0.99 ± 0.76 . . . 2.42 ± 0.31 . . . 6.98 ± 4.42
WR389 4.74 ± 0.56 . . . 5.50 ± 0.56 . . . 1.78 ± 0.21 . . . 9.17 ± 2.04
WR390 0.65 ± 0.44 . . . 0.65 ± 0.44 . . . 5.91 ± 0.38 . . . 10.87 ± 3.61
WR391 2.61 ± 0.37 . . . 2.80 ± 0.37 . . . 2.85 ± 0.30 . . . 5.37 ± 0.60
WR392 3.20 ± 0.69 . . . 3.63 ± 0.69 . . . 2.60 ± 0.27 . . . 7.87 ± 2.20
WR393 1.65 ± 1.86 . . . 1.94 ± 1.86 . . . 3.14 ± 0.35 . . . 7.83 ± 3.32
WR394 3.37 ± 0.52 . . . 3.57 ± 0.52 . . . 5.47 ± 0.43 . . . 10.62 ± 1.64
WR395 3.40 ± 1.13 . . . 3.66 ± 1.13 . . . 6.10 ± 0.48 . . . 11.92 ± 3.32
WR396 4.49 ± 0.76 . . . 4.55 ± 0.76 . . . 2.69 ± 0.23 . . . 10.38 ± 2.00
WR397 1.92 ± 0.53 . . . 2.09 ± 0.53 . . . 5.62 ± 0.42 . . . 9.42 ± 1.54
WR398 3.47 ± 0.55 . . . 3.79 ± 0.55 . . . 3.95 ± 0.35 . . . 12.49 ± 2.61
WR399 5.01 ± 0.60 . . . 5.27 ± 0.60 . . . 1.34 ± 0.20 . . . 8.15 ± 2.48
WR400 3.01 ± 0.29 . . . 3.25 ± 0.29 . . . 2.62 ± 0.26 . . . (10)
WR401 5.13 ± 0.43 . . . 5.48 ± 0.43 . . . 6.78 ± 0.42 . . . 4.72 ± 0.53
WR402 0.23 ± 0.71 . . . 0.41 ± 0.71 . . . 2.26 ± 0.24 . . . 10.11 ± 2.61
WR403 2.34 ± 0.22 . . . 2.39 ± 0.22 . . . 3.58 ± 0.27 . . . 11.55 ± 1.78
WR404 2.20 ± 0.35 . . . 2.29 ± 0.35 . . . 3.74 ± 0.20 . . . 11.62 ± 2.42
WR405 4.53 ± 0.61 . . . 4.65 ± 0.61 . . . 3.98 ± 0.32 . . . 10.03 ± 2.22
WR406 2.74 ± 0.60 . . . 3.05 ± 0.60 . . . 2.70 ± 0.24 . . . (15)
WR407 0.30 ± 1.68 . . . 0.54 ± 1.68 . . . 6.03 ± 0.41 . . . 9.68 ± 1.42
WR408 0.66 ± 0.38 . . . 0.76 ± 0.38 . . . 2.19 ± 0.31 . . . 4.22 ± 0.79
WR409 3.34 ± 0.36 . . . 3.51 ± 0.36 . . . 3.00 ± 0.28 . . . 14.37 ± 2.49
WR410 −1.57 ± 1.12 . . . −1.41 ± 1.12 . . . 3.86 ± 0.31 . . . 14.05 ± 3.43
WR411 −0.74 ± 1.05 . . . −0.28 ± 1.05 . . . 2.61 ± 0.27 . . . 10.24 ± 13.61
WR412 1.85 ± 0.46 . . . 1.85 ± 0.46 . . . 3.25 ± 0.26 . . . (10)
WR413 −0.71 ± 0.49 . . . −0.49 ± 0.49 . . . 9.13 ± 0.59 . . . 6.79 ± 0.84
WR414 0.22 ± 0.37 . . . 0.59 ± 0.37 . . . 5.11 ± 0.30 . . . 6.00 ± 0.90
WR415 −4.00 ± 0.54 . . . −3.48 ± 0.54 . . . 3.51 ± 0.41 . . . 10.96 ± 2.40
WR416 4.50 ± 0.57 . . . 5.16 ± 0.57 . . . 6.00 ± 0.41 . . . 9.86 ± 2.54
WR417 2.64 ± 0.40 . . . 2.81 ± 0.40 . . . 2.60 ± 0.29 . . . 10.11 ± 2.65
WR418 3.56 ± 0.46 . . . 3.67 ± 0.46 . . . 4.75 ± 0.40 . . . 13.43 ± 2.67
WR419 −0.24 ± 0.16 . . . 2.19 ± 0.16 . . . 5.58 ± 0.23 . . . 10.03 ± 0.48
WR420 −0.09 ± 0.36 . . . 0.02 ± 0.36 . . . 5.98 ± 0.45 . . . 6.60 ± 1.22
WR421 0.53 ± 2.27 . . . 0.80 ± 2.27 . . . 3.83 ± 0.30 . . . 9.32 ± 1.76
WR422 0.62 ± 0.47 . . . 0.62 ± 0.47 . . . 6.54 ± 0.36 . . . 12.49 ± 7.74
WR423 5.12 ± 0.20 . . . 5.91 ± 0.20 . . . 2.78 ± 0.22 . . . 5.00 ± 0.34
WR424 3.27 ± 0.45 . . . 3.58 ± 0.45 . . . 1.66 ± 0.23 . . . 3.93 ± 0.81
WR425 1.46 ± 0.13 . . . 1.48 ± 0.13 . . . 13.40 ± 0.58 . . . 9.65 ± 0.65
WR426 −1.66 ± 0.40 . . . −1.39 ± 0.40 . . . 3.81 ± 0.37 . . . 6.50 ± 0.83
WR427 −1.27 ± 0.67 . . . −0.99 ± 0.67 . . . 9.07 ± 0.52 . . . 14.34 ± 2.35
WR428 1.68 ± 0.78 . . . 1.98 ± 0.78 . . . 2.25 ± 0.26 . . . (12)
WR429 3.35 ± 0.63 . . . 3.37 ± 0.63 . . . 2.23 ± 0.29 . . . 9.40 ± 2.57
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR430 2.53 ± 0.41 . . . 3.04 ± 0.41 . . . 2.15 ± 0.26 . . . 6.02 ± 1.22
WR431 3.81 ± 0.56 . . . 3.98 ± 0.56 . . . 8.01 ± 0.65 . . . 9.76 ± 1.96
WR432 3.61 ± 0.43 . . . 3.94 ± 0.43 . . . 3.74 ± 0.33 . . . 10.25 ± 4.83
WR433 2.59 ± 0.39 . . . 2.77 ± 0.39 . . . 5.10 ± 0.37 . . . (10)
WR434 2.90 ± 0.49 . . . 3.09 ± 0.49 . . . 4.41 ± 0.40 . . . 7.73 ± 0.92
WR435 3.73 ± 0.76 . . . 3.85 ± 0.76 . . . 3.41 ± 0.25 . . . 11.68 ± 1.51
WR436 2.55 ± 0.39 . . . 2.74 ± 0.39 . . . 5.59 ± 0.62 . . . 7.62 ± 1.38
WR437 3.49 ± 0.36 . . . 3.79 ± 0.36 . . . 5.44 ± 0.40 . . . 8.34 ± 1.73
WR438 3.74 ± 1.01 . . . 4.54 ± 1.01 . . . 1.85 ± 0.23 . . . 7.90 ± 2.76
WR439 3.93 ± 0.70 . . . 4.55 ± 0.70 . . . 1.84 ± 0.22 . . . 6.77 ± 1.99
WR440 1.80 ± 0.56 . . . 1.91 ± 0.56 . . . 3.82 ± 0.31 . . . 8.85 ± 1.07
WR441 0.53 ± 0.74 . . . 0.73 ± 0.74 . . . 4.22 ± 0.39 . . . 12.47 ± 3.12
WR442 2.19 ± 0.40 . . . 2.52 ± 0.40 . . . 2.40 ± 0.29 . . . 6.10 ± 0.98
WR443 3.90 ± 1.80 . . . 4.24 ± 1.80 . . . 3.98 ± 0.33 . . . 6.96 ± 1.31
WR444 5.04 ± 0.47 . . . 5.27 ± 0.47 . . . 4.33 ± 0.45 . . . 8.63 ± 2.71
WR445 4.10 ± 0.50 . . . 4.72 ± 0.50 . . . 1.74 ± 0.24 . . . 8.51 ± 2.15
WR446 5.57 ± 0.50 . . . 5.88 ± 0.50 . . . 3.17 ± 0.33 . . . 8.65 ± 1.70
WR447 3.64 ± 1.18 . . . 4.17 ± 1.18 . . . 1.61 ± 0.16 . . . 6.03 ± 1.25
WR448 3.26 ± 0.45 . . . 3.75 ± 0.45 . . . 2.19 ± 0.28 . . . 9.17 ± 3.70
WR449 3.54 ± 2.08 . . . 3.72 ± 2.08 . . . 5.40 ± 0.50 . . . 3.96 ± 0.90
WR450 3.05 ± 0.85 . . . 3.59 ± 0.85 . . . 3.01 ± 0.22 . . . 12.32 ± 3.45
WR451 3.28 ± 0.46 . . . 3.62 ± 0.46 . . . 1.46 ± 0.19 . . . 5.15 ± 0.78
WR452 −0.60 ± 0.59 . . . −0.25 ± 0.59 . . . 1.86 ± 0.25 . . . 5.25 ± 0.90
WR453 3.78 ± 0.30 . . . 4.03 ± 0.30 . . . 11.88 ± 0.68 . . . 19.35 ± 2.08
WR454 4.13 ± 0.40 . . . 4.42 ± 0.40 . . . 6.40 ± 0.52 . . . 12.63 ± 3.69
WR455 2.46 ± 0.60 . . . 2.92 ± 0.60 . . . 3.31 ± 0.29 . . . 8.79 ± 1.57
WR456 2.76 ± 0.38 . . . 3.24 ± 0.38 . . . 1.65 ± 0.22 . . . 6.61 ± 1.65
WR457 0.64 ± 0.89 . . . 1.17 ± 0.89 . . . 3.13 ± 0.37 . . . 13.63 ± 7.46
WR458 3.21 ± 0.68 . . . 3.50 ± 0.68 . . . 1.38 ± 0.19 . . . 5.68 ± 0.89
WR459 −2.14 ± 0.94 . . . −2.08 ± 0.94 . . . 4.75 ± 0.36 . . . 11.52 ± 1.93
WR460 −2.27 ± 0.46 . . . −2.06 ± 0.46 . . . 1.22 ± 0.19 . . . 7.65 ± 1.84
WR461 −1.46 ± 0.43 . . . −1.29 ± 0.43 . . . 3.71 ± 0.33 . . . 7.07 ± 1.48
WR462 −1.04 ± 0.52 . . . −0.71 ± 0.52 . . . 4.04 ± 0.24 . . . 12.84 ± 1.81
WR463 2.14 ± 0.45 . . . 2.36 ± 0.45 . . . 2.32 ± 0.25 . . . 9.62 ± 2.31
WR464 2.93 ± 1.18 . . . 3.41 ± 1.18 . . . 2.74 ± 0.26 . . . 10.63 ± 2.83
WR465 2.95 ± 0.38 . . . 3.13 ± 0.38 . . . 3.17 ± 0.32 . . . (10)
WR466 2.79 ± 0.65 . . . 2.79 ± 0.65 . . . 2.87 ± 0.30 . . . 3.92 ± 0.62
WR467 2.64 ± 0.46 . . . 2.96 ± 0.46 . . . 2.65 ± 0.32 . . . 5.80 ± 1.02
WR468 −2.41 ± 3.52 . . . −1.95 ± 3.52 . . . 12.83 ± 0.73 . . . 7.31 ± 1.65
WR469 −2.55 ± 0.33 . . . −2.36 ± 0.33 . . . 4.91 ± 0.35 . . . 7.70 ± 0.72
WR470 3.88 ± 0.71 . . . 4.61 ± 0.71 . . . 1.95 ± 0.23 . . . 4.82 ± 0.75
WR471 2.84 ± 0.75 . . . 2.95 ± 0.75 . . . 1.48 ± 0.20 . . . 7.11 ± 1.41
WR472 4.22 ± 0.85 . . . 4.33 ± 0.85 . . . 4.45 ± 0.42 . . . 6.67 ± 1.07
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR473 −0.86 ± 0.31 . . . −0.69 ± 0.31 . . . 7.06 ± 0.48 . . . 9.04 ± 0.96
WR474 0.51 ± 0.55 . . . 0.90 ± 0.55 . . . 5.37 ± 0.31 . . . 11.55 ± 1.65
WR475 0.26 ± 0.51 . . . 0.48 ± 0.51 . . . 4.27 ± 0.29 . . . 7.40 ± 1.08
WR476 2.43 ± 0.75 . . . 2.62 ± 0.75 . . . 1.61 ± 0.20 . . . 6.99 ± 1.72
WR477 2.66 ± 0.29 . . . 2.76 ± 0.29 . . . 5.49 ± 0.43 . . . 17.73 ± 2.23
WR478 4.12 ± 0.96 . . . 4.50 ± 0.96 . . . 3.11 ± 0.24 . . . 8.48 ± 1.67
WR479 2.56 ± 0.37 . . . 2.79 ± 0.37 . . . 5.61 ± 0.44 . . . 9.30 ± 1.90
WR480 −1.10 ± 0.41 . . . −1.10 ± 0.41 . . . 5.68 ± 0.57 . . . 9.20 ± 2.30
WR481 4.00 ± 0.77 . . . 4.76 ± 0.77 . . . 1.82 ± 0.21 . . . 5.90 ± 1.23
WR482 −0.84 ± 0.52 . . . −0.27 ± 0.52 . . . 3.62 ± 0.31 . . . 8.20 ± 1.07
WR483 3.43 ± 0.53 . . . 3.74 ± 0.53 . . . 1.43 ± 0.17 . . . 4.13 ± 0.57
WR484 2.60 ± 0.69 . . . 2.95 ± 0.69 . . . 2.19 ± 0.23 . . . (10)
WR485 4.18 ± 0.23 . . . 4.62 ± 0.23 . . . 2.79 ± 0.22 . . . 6.42 ± 0.59
WR486 2.53 ± 0.72 . . . 2.77 ± 0.72 . . . 2.77 ± 0.26 . . . 9.21 ± 2.36
WR487 3.81 ± 0.91 . . . 3.96 ± 0.91 . . . 2.21 ± 0.26 . . . 1.90 ± 0.72
WR488 3.09 ± 0.54 . . . 3.59 ± 0.54 . . . 1.11 ± 0.19 . . . 7.96 ± 2.45
WR489 4.19 ± 0.87 . . . 4.59 ± 0.87 . . . 3.02 ± 0.31 . . . 12.22 ± 3.09
WR490 2.82 ± 0.60 . . . 3.21 ± 0.60 . . . 1.00 ± 0.19 . . . 5.11 ± 1.68
WR491 5.16 ± 0.31 . . . 5.70 ± 0.31 . . . 1.62 ± 0.20 . . . (4)
WR492 4.05 ± 0.50 . . . 4.38 ± 0.50 . . . 4.17 ± 0.42 . . . 5.26 ± 1.63
WR493 1.44 ± 0.32 . . . 1.96 ± 0.32 . . . 1.49 ± 0.18 . . . 5.81 ± 1.10
WR494 4.77 ± 0.84 . . . 5.15 ± 0.84 . . . 3.33 ± 0.25 . . . 6.15 ± 0.57
WR495 1.52 ± 0.95 . . . 1.94 ± 0.95 . . . 3.66 ± 0.26 . . . 5.13 ± 0.54
WR496 3.92 ± 1.11 . . . 4.13 ± 1.11 . . . 2.70 ± 0.23 . . . 3.67 ± 0.89
WR497 3.68 ± 0.50 . . . 3.88 ± 0.50 . . . 2.28 ± 0.23 . . . 6.94 ± 0.93
WR498 3.28 ± 0.55 . . . 3.49 ± 0.55 . . . 1.95 ± 0.23 . . . 8.79 ± 2.02
WR499 5.15 ± 0.68 . . . 5.31 ± 0.68 . . . 3.16 ± 0.33 . . . 10.04 ± 3.80
WR500 1.95 ± 0.26 . . . 2.25 ± 0.26 . . . 1.97 ± 0.18 . . . 6.56 ± 1.19
WR501 1.77 ± 0.56 . . . 1.88 ± 0.56 . . . 2.34 ± 0.25 . . . 6.53 ± 1.35
WR502 3.77 ± 0.24 . . . 3.96 ± 0.24 . . . 4.18 ± 0.31 . . . 10.79 ± 1.33
WR503 3.43 ± 1.64 . . . 3.60 ± 1.64 . . . 2.08 ± 0.26 . . . 6.61 ± 1.52
WR504 3.17 ± 0.43 . . . 3.30 ± 0.43 . . . 2.48 ± 0.27 . . . 4.28 ± 0.75
WR505 1.99 ± 0.30 . . . 2.06 ± 0.30 . . . 6.63 ± 0.53 . . . 26.96 ± 3.47
WR506 2.64 ± 0.47 . . . 2.96 ± 0.47 . . . 1.71 ± 0.21 . . . 8.01 ± 1.40
WR507 3.37 ± 0.34 . . . 3.70 ± 0.34 . . . 3.79 ± 0.36 . . . 10.53 ± 1.77
WR508 −1.34 ± 0.88 . . . −1.29 ± 0.88 . . . 6.27 ± 0.50 . . . 11.28 ± 3.14
WR509 −1.94 ± 1.16 . . . −1.70 ± 1.16 . . . 2.96 ± 0.34 . . . 7.06 ± 1.64
WR510 2.15 ± 0.49 . . . 2.33 ± 0.49 . . . 2.88 ± 0.32 . . . 6.37 ± 1.95
WR511 3.58 ± 0.43 . . . 4.07 ± 0.43 . . . 4.29 ± 0.39 . . . 9.32 ± 2.20
WR512 4.12 ± 1.77 . . . 4.28 ± 1.77 . . . 1.52 ± 0.21 . . . 3.99 ± 0.69
WR513 3.49 ± 0.69 . . . 3.98 ± 0.69 . . . 1.36 ± 0.20 . . . 5.49 ± 2.37
WR514 −0.32 ± 0.63 . . . −0.28 ± 0.63 . . . 1.30 ± 0.19 . . . 7.03 ± 2.85
WR515 1.24 ± 0.28 . . . 1.62 ± 0.28 . . . 3.87 ± 0.34 . . . 9.57 ± 1.75
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR516 5.15 ± 0.60 . . . 5.28 ± 0.60 . . . 2.36 ± 0.24 . . . 11.79 ± 3.80
WR517 1.59 ± 0.30 . . . 1.98 ± 0.30 . . . 2.27 ± 0.28 . . . 6.93 ± 1.00
WR518 −2.10 ± 0.36 . . . −1.49 ± 0.36 . . . 6.81 ± 0.60 . . . 11.49 ± 2.71
WR519 −1.73 ± 0.36 . . . −1.67 ± 0.36 . . . 9.32 ± 0.72 . . . 10.52 ± 6.41
WR520 5.24 ± 0.54 . . . 5.70 ± 0.54 . . . 2.16 ± 0.22 . . . 7.20 ± 1.47
WR521 1.67 ± 1.08 . . . 2.46 ± 1.08 . . . 1.64 ± 0.25 . . . 3.09 ± 0.94
WR522 3.34 ± 1.30 . . . 3.55 ± 1.30 . . . 2.37 ± 0.26 . . . 6.40 ± 1.47
WR523 0.24 ± 0.19 . . . 0.52 ± 0.19 . . . 6.78 ± 0.28 . . . 19.94 ± 1.40
WR524 1.90 ± 1.24 . . . 2.19 ± 1.24 . . . 2.99 ± 0.30 . . . 8.08 ± 1.42
WR525 2.48 ± 0.40 . . . 2.78 ± 0.40 . . . 3.70 ± 0.27 . . . 2.98 ± 0.23
WR526 −0.89 ± 0.28 . . . −0.61 ± 0.28 . . . 9.27 ± 0.41 . . . 9.01 ± 0.72
WR527 3.84 ± 0.43 . . . 4.36 ± 0.43 . . . 3.03 ± 0.28 . . . 9.49 ± 3.84
WR528 3.19 ± 0.68 . . . 3.63 ± 0.68 . . . 2.30 ± 0.25 . . . 12.71 ± 2.99
WR529 2.55 ± 1.18 . . . 2.74 ± 1.18 . . . 2.33 ± 0.25 . . . 15.90 ± 15.32
WR530 3.69 ± 1.28 . . . 4.23 ± 1.28 . . . 1.78 ± 0.21 . . . 6.49 ± 1.76
WR531 4.97 ± 1.43 . . . 5.50 ± 1.43 . . . 2.06 ± 0.20 . . . 15.76 ± 17.14
WR532 1.90 ± 0.69 . . . 2.00 ± 0.69 . . . 1.64 ± 0.16 . . . 6.04 ± 2.63
WR533 3.09 ± 0.62 . . . 3.29 ± 0.62 . . . 4.35 ± 0.46 . . . 10.29 ± 2.81
WR534 4.44 ± 0.85 . . . 4.82 ± 0.85 . . . 2.34 ± 0.21 . . . 6.79 ± 3.68
WR535 3.72 ± 0.43 . . . 3.90 ± 0.43 . . . 2.38 ± 0.26 . . . 6.31 ± 1.02
WR536 −1.45 ± 0.73 . . . −0.50 ± 0.73 . . . 8.51 ± 0.39 . . . 21.34 ± 2.12
WR537 2.67 ± 0.40 . . . 3.36 ± 0.40 . . . 0.92 ± 0.13 . . . 5.05 ± 0.98
WR538 −0.06 ± 0.32 . . . −0.06 ± 0.32 . . . 3.99 ± 0.35 . . . 14.87 ± 2.72
WR539 1.81 ± 0.80 . . . 1.90 ± 0.80 . . . 2.34 ± 0.19 . . . 5.64 ± 1.13
WR540 0.29 ± 0.63 . . . 0.76 ± 0.63 . . . 1.77 ± 0.23 . . . 7.87 ± 2.72
WR541 −1.55 ± 0.32 . . . −1.44 ± 0.32 . . . 10.08 ± 0.73 . . . 10.10 ± 1.14
WR542 −1.98 ± 0.61 . . . −1.92 ± 0.61 . . . 4.50 ± 0.55 . . . 5.45 ± 1.93
WR543 4.31 ± 0.68 . . . 4.49 ± 0.68 . . . 2.99 ± 0.33 . . . 6.31 ± 1.43
WR544 3.00 ± 0.45 . . . 3.48 ± 0.45 . . . 1.48 ± 0.19 . . . (15)
WR545 3.81 ± 0.36 . . . 4.02 ± 0.36 . . . 8.64 ± 0.34 . . . 9.18 ± 1.44
WR546 1.98 ± 1.25 . . . 2.08 ± 1.25 . . . 2.00 ± 0.31 . . . 4.20 ± 1.47
WR547 4.17 ± 0.44 . . . 4.65 ± 0.44 . . . 2.08 ± 0.23 . . . 5.38 ± 0.66
WR548 0.25 ± 0.60 . . . 0.73 ± 0.60 . . . 10.81 ± 0.41 . . . 17.02 ± 1.69
WR549 2.89 ± 1.14 . . . 3.23 ± 1.14 . . . 2.64 ± 0.28 . . . 12.83 ± 12.11
WR550 3.65 ± 0.53 . . . 3.80 ± 0.53 . . . 7.83 ± 0.53 . . . 9.22 ± 1.69
WR551 3.51 ± 0.52 . . . 3.87 ± 0.52 . . . 2.39 ± 0.27 . . . 4.68 ± 0.94
WR552 2.49 ± 0.56 . . . 2.67 ± 0.56 . . . 1.68 ± 0.22 . . . 8.61 ± 2.04
WR553 2.39 ± 1.02 . . . 2.65 ± 1.02 . . . 1.22 ± 0.20 . . . 10.29 ± 5.14
WR554 −0.53 ± 0.89 . . . −0.53 ± 0.89 . . . 4.16 ± 0.31 . . . 13.00 ± 2.12
WR555 1.96 ± 0.43 . . . 1.99 ± 0.43 . . . 3.63 ± 0.35 . . . 7.49 ± 1.65
WR556 −0.45 ± 0.81 . . . −0.29 ± 0.81 . . . 2.28 ± 0.30 . . . 18.20 ± 7.17
WR557 2.94 ± 1.24 . . . 3.16 ± 1.24 . . . 3.36 ± 0.23 . . . 6.96 ± 0.74
WR558 2.82 ± 6.65 . . . 3.09 ± 6.65 . . . 2.41 ± 0.25 . . . 6.08 ± 1.47
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Table 4. continued.
Running ID log LobsBB log L
obs
RB log L
dered
BB log L
dered
RB EW(BB) EW(RB) σ(He ii λ4686)7
(log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (log 1040 erg/s) (Å) (Å) (Å)
WR559 4.44 ± 0.48 . . . 4.78 ± 0.48 . . . 5.28 ± 0.44 . . . 12.10 ± 2.61
WR560 2.57 ± 0.30 . . . 2.95 ± 0.30 . . . 2.43 ± 0.30 . . . 5.14 ± 0.53
WR561 0.54 ± 0.39 . . . 0.76 ± 0.39 . . . 2.57 ± 0.31 . . . 21.09 ± 3.55
WR562 5.83 ± 0.18 . . . 5.95 ± 0.18 . . . 14.37 ± 0.83 . . . 5.89 ± 0.41
WR563 3.55 ± 0.61 . . . 3.96 ± 0.61 . . . 1.06 ± 0.14 . . . 5.87 ± 1.14
WR564 3.36 ± 2.13 . . . 3.70 ± 2.13 . . . 2.22 ± 0.24 . . . 6.71 ± 1.41
WR565 3.31 ± 0.45 . . . 3.69 ± 0.45 . . . 1.78 ± 0.24 . . . 7.19 ± 2.28
WR566 2.53 ± 0.66 . . . 2.82 ± 0.66 . . . 3.77 ± 0.40 . . . 9.67 ± 2.90
WR567 3.14 ± 0.95 . . . 3.50 ± 0.95 . . . 4.07 ± 0.37 . . . 12.13 ± 3.43
WR568 2.86 ± 0.29 . . . 3.06 ± 0.29 . . . 2.05 ± 0.24 . . . 8.18 ± 1.14
WR569 0.48 ± 0.41 . . . 0.79 ± 0.41 . . . 4.40 ± 0.39 . . . 11.11 ± 1.96
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Table 5. The gas-phase abundance estimates for the star-forming Wolf-Rayet galaxies.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR000 8.35 ± 0.04 . . . 8.38 ± 0.19 8.65 ± 0.04 . . . . . . . . .
WR001 8.12 ± 0.02 8.12 ± 0.02 8.13 ± 0.19 . . . 6.85 ± 0.11 5.77 ± 0.06 7.49 ± 0.08
WR002 9.03 ± 0.04 . . . 8.71 ± 0.19 9.33 ± 0.04 . . . . . . . . .
WR003 8.93 ± 0.01 . . . 8.67 ± 0.19 9.23 ± 0.01 . . . . . . . . .
WR005 8.69 ± 0.01 . . . 8.62 ± 0.19 8.99 ± 0.01 . . . . . . . . .
WR006 . . . . . . 8.42 ± 0.19 . . . . . . . . . . . .
WR007 8.81 ± 0.01 . . . 8.63 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR008 8.30 ± 0.02 8.30 ± 0.02 8.24 ± 0.19 8.47 ± 0.08 6.94 ± 0.14 5.90 ± 0.08 7.58 ± 0.15
WR009 . . . . . . 8.45 ± 0.19 . . . . . . . . . . . .
WR010 8.47 ± 0.02 . . . 8.43 ± 0.19 8.77 ± 0.02 . . . . . . . . .
WR012 . . . . . . 8.37 ± 0.19 . . . . . . . . . . . .
WR013 8.23 ± 0.02 8.23 ± 0.02 8.42 ± 0.19 . . . 7.26 ± 0.13 5.92 ± 0.07 7.55 ± 0.15
WR014 8.93 ± 0.03 . . . 8.65 ± 0.19 9.23 ± 0.03 . . . . . . . . .
WR015 8.77 ± 0.01 . . . 8.57 ± 0.19 9.07 ± 0.01 . . . . . . . . .
WR016 8.30 ± 0.03 . . . 8.38 ± 0.20 8.60 ± 0.03 . . . . . . . . .
WR019 8.72 ± 0.03 . . . 8.63 ± 0.19 9.02 ± 0.03 . . . . . . . . .
WR020 8.33 ± 0.07 . . . 8.10 ± 0.19 8.63 ± 0.07 . . . . . . . . .
WR021 8.45 ± 0.02 . . . 8.44 ± 0.19 8.75 ± 0.02 . . . . . . . . .
WR023 8.79 ± 0.02 . . . 8.67 ± 0.19 9.09 ± 0.03 . . . . . . . . .
WR024 8.77 ± 0.02 . . . 8.61 ± 0.19 9.07 ± 0.02 . . . . . . . . .
WR025 8.04 ± 0.01 8.04 ± 0.01 7.92 ± 0.19 . . . 6.72 ± 0.06 5.59 ± 0.04 7.30 ± 0.04
WR026 8.09 ± 0.01 8.09 ± 0.01 8.15 ± 0.19 8.19 ± 0.16 6.71 ± 0.10 5.82 ± 0.07 7.26 ± 0.09
WR027 8.53 ± 0.03 . . . 8.42 ± 0.19 8.83 ± 0.03 . . . . . . . . .
WR028 8.62 ± 0.05 . . . 8.49 ± 0.19 8.92 ± 0.05 . . . . . . . . .
WR029 8.14 ± 0.11 . . . 8.23 ± 0.20 8.19 ± 0.11 . . . . . . . . .
WR030 8.12 ± 0.03 8.12 ± 0.03 8.03 ± 0.19 . . . 6.80 ± 0.19 5.87 ± 0.11 8.04 ± 0.21
WR031 8.76 ± 0.03 . . . 8.65 ± 0.19 9.06 ± 0.03 . . . . . . . . .
WR033 8.21 ± 0.01 8.21 ± 0.01 8.13 ± 0.19 . . . 6.82 ± 0.07 5.91 ± 0.04 7.47 ± 0.06
WR036 8.81 ± 0.01 . . . 8.68 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR037 . . . . . . 8.36 ± 0.19 . . . . . . . . . . . .
WR038 7.91 ± 0.01 7.91 ± 0.01 8.24 ± 0.19 . . . 6.97 ± 0.10 5.83 ± 0.04 7.42 ± 0.06
WR039 8.03 ± 0.01 8.03 ± 0.01 8.15 ± 0.19 . . . 7.03 ± 0.04 5.62 ± 0.03 7.31 ± 0.03
WR040 8.75 ± 0.01 . . . 8.41 ± 0.21 9.05 ± 0.01 . . . . . . . . .
WR041 8.18 ± 0.00 8.18 ± 0.00 8.01 ± 0.19 . . . 6.75 ± 0.04 5.75 ± 0.03 7.45 ± 0.03
WR042 8.59 ± 0.04 . . . 8.49 ± 0.19 8.89 ± 0.04 . . . . . . . . .
WR043 8.83 ± 0.02 . . . 8.70 ± 0.19 9.13 ± 0.02 . . . . . . . . .
WR045 8.81 ± 0.04 . . . 8.64 ± 0.19 9.11 ± 0.04 . . . . . . . . .
WR046 8.17 ± 0.01 8.17 ± 0.01 8.26 ± 0.19 . . . 7.08 ± 0.04 5.69 ± 0.04 7.52 ± 0.06
WR047 8.24 ± 0.02 8.24 ± 0.02 8.39 ± 0.19 . . . 7.24 ± 0.09 5.62 ± 0.08 7.55 ± 0.14
WR048 8.75 ± 0.01 . . . 8.62 ± 0.19 9.05 ± 0.01 . . . . . . . . .
WR049 . . . . . . 8.23 ± 0.20 . . . . . . . . . . . .
WR050 8.67 ± 0.01 . . . 8.60 ± 0.19 8.97 ± 0.01 . . . . . . . . .
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR051 8.71 ± 0.04 . . . 8.63 ± 0.19 9.01 ± 0.04 . . . . . . . . .
WR052 8.79 ± 0.01 . . . 8.62 ± 0.19 9.09 ± 0.01 . . . . . . . . .
WR056 8.11 ± 0.01 8.11 ± 0.01 8.05 ± 0.19 . . . 6.69 ± 0.09 5.77 ± 0.05 7.39 ± 0.05
WR057 8.03 ± 0.01 8.03 ± 0.01 8.04 ± 0.19 . . . 6.68 ± 0.11 5.64 ± 0.05 7.33 ± 0.06
WR059 8.67 ± 0.08 . . . 8.49 ± 0.19 8.97 ± 0.08 . . . . . . . . .
WR061 . . . . . . 8.62 ± 0.19 . . . . . . . . . . . .
WR062 8.40 ± 0.02 . . . 8.39 ± 0.20 8.70 ± 0.02 . . . . . . . . .
WR063 8.28 ± 0.01 8.28 ± 0.01 8.16 ± 0.19 . . . 6.97 ± 0.08 5.97 ± 0.04 7.59 ± 0.07
WR064 8.51 ± 0.06 . . . 8.44 ± 0.19 8.81 ± 0.06 . . . . . . . . .
WR067 8.03 ± 0.01 8.03 ± 0.01 7.92 ± 0.19 . . . 6.57 ± 0.05 5.64 ± 0.03 7.32 ± 0.02
WR068 8.77 ± 0.04 . . . 8.63 ± 0.19 9.07 ± 0.04 . . . . . . . . .
WR069 . . . . . . 8.52 ± 0.19 . . . . . . . . . . . .
WR070 7.83 ± 0.00 7.83 ± 0.00 7.93 ± 0.20 . . . 6.75 ± 0.07 5.41 ± 0.04 7.05 ± 0.05
WR071 8.76 ± 0.05 . . . 8.41 ± 0.21 9.06 ± 0.05 . . . . . . . . .
WR072 8.20 ± 0.01 8.20 ± 0.01 8.26 ± 0.19 8.74 ± 0.06 7.08 ± 0.09 5.66 ± 0.09 7.47 ± 0.09
WR073 8.16 ± 0.02 8.16 ± 0.02 8.34 ± 0.19 . . . 7.06 ± 0.10 5.76 ± 0.11 7.43 ± 0.14
WR074 8.41 ± 0.03 . . . 8.30 ± 0.19 8.71 ± 0.03 . . . . . . . . .
WR075 7.94 ± 0.01 7.94 ± 0.01 8.07 ± 0.19 . . . 6.60 ± 0.17 5.62 ± 0.12 7.28 ± 0.12
WR076 8.23 ± 0.02 8.23 ± 0.02 8.28 ± 0.19 8.61 ± 0.03 7.00 ± 0.13 5.88 ± 0.08 7.55 ± 0.15
WR077 7.98 ± 0.01 7.98 ± 0.01 8.00 ± 0.18 . . . 6.55 ± 0.09 5.59 ± 0.04 7.29 ± 0.05
WR078 8.28 ± 0.01 8.28 ± 0.01 8.11 ± 0.19 . . . 6.89 ± 0.10 5.94 ± 0.05 7.54 ± 0.05
WR079 . . . . . . 8.57 ± 0.19 . . . . . . . . . . . .
WR082 8.17 ± 0.01 8.17 ± 0.01 8.07 ± 0.18 . . . 6.72 ± 0.08 5.76 ± 0.04 7.43 ± 0.05
WR083 7.91 ± 0.08 . . . 7.97 ± 0.20 7.96 ± 0.08 . . . . . . . . .
WR084 8.46 ± 0.02 . . . 8.31 ± 0.19 8.76 ± 0.02 . . . . . . . . .
WR086 8.75 ± 0.01 . . . 8.62 ± 0.19 9.05 ± 0.01 . . . . . . . . .
WR087 7.99 ± 0.02 7.99 ± 0.02 8.24 ± 0.19 . . . 6.85 ± 0.05 5.58 ± 0.06 7.26 ± 0.07
WR088 8.47 ± 0.01 . . . 8.39 ± 0.19 8.77 ± 0.01 . . . . . . . . .
WR089 . . . . . . 8.75 ± 0.19 . . . . . . . . . . . .
WR090 8.76 ± 0.03 . . . 8.60 ± 0.19 9.06 ± 0.03 . . . . . . . . .
WR091 8.73 ± 0.01 . . . 8.57 ± 0.19 9.03 ± 0.01 . . . . . . . . .
WR092 8.87 ± 0.01 . . . 8.62 ± 0.19 9.17 ± 0.01 . . . . . . . . .
WR093 8.16 ± 0.02 8.16 ± 0.02 8.10 ± 0.21 8.26 ± 0.20 . . . . . . . . .
WR094 . . . 8.38 ± 0.02 8.33 ± 0.19 . . . 7.21 ± 0.09 5.94 ± 0.06 7.66 ± 0.13
WR095 8.54 ± 0.07 . . . 8.42 ± 0.19 8.84 ± 0.07 . . . . . . . . .
WR096 8.44 ± 0.02 . . . 8.45 ± 0.19 8.74 ± 0.02 . . . . . . . . .
WR097 . . . . . . 8.55 ± 0.19 . . . . . . . . . . . .
WR100 8.13 ± 0.02 8.13 ± 0.02 8.47 ± 0.19 . . . 7.21 ± 0.14 5.83 ± 0.11 7.35 ± 0.19
WR101 7.58 ± 0.01 7.58 ± 0.01 7.97 ± 0.19 . . . 6.66 ± 0.03 5.29 ± 0.02 6.84 ± 0.03
WR102 8.81 ± 0.04 . . . 8.63 ± 0.19 9.11 ± 0.04 . . . . . . . . .
WR103 . . . . . . 8.56 ± 0.19 . . . . . . . . . . . .
WR104 8.19 ± 0.01 8.19 ± 0.01 8.19 ± 0.19 8.54 ± 0.08 6.86 ± 0.07 5.80 ± 0.07 7.50 ± 0.09
WR105 8.18 ± 0.14 . . . 8.39 ± 0.27 8.39 ± 0.14 . . . . . . . . .
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR106 7.63 ± 0.04 . . . 7.49 ± 0.21 7.68 ± 0.04 . . . . . . . . .
WR107 8.14 ± 0.01 8.14 ± 0.01 8.28 ± 0.19 . . . 7.08 ± 0.06 5.74 ± 0.06 7.40 ± 0.07
WR108 8.18 ± 0.01 8.18 ± 0.01 8.22 ± 0.19 . . . 7.07 ± 0.05 5.71 ± 0.04 7.46 ± 0.05
WR109 8.79 ± 0.01 . . . 8.67 ± 0.19 9.09 ± 0.01 . . . . . . . . .
WR114 8.08 ± 0.02 8.08 ± 0.02 8.28 ± 0.19 8.75 ± 0.04 7.01 ± 0.09 5.38 ± 0.16 7.32 ± 0.12
WR116 . . . . . . 8.55 ± 0.19 . . . . . . . . . . . .
WR117 8.81 ± 0.01 . . . 8.61 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR118 8.32 ± 0.03 . . . 8.32 ± 0.19 8.62 ± 0.03 . . . . . . . . .
WR119 . . . . . . 8.68 ± 0.19 . . . . . . . . . . . .
WR120 8.71 ± 0.01 . . . 8.63 ± 0.19 9.01 ± 0.01 . . . . . . . . .
WR121 8.65 ± 0.03 . . . 8.62 ± 0.19 8.95 ± 0.03 . . . . . . . . .
WR122 7.96 ± 0.09 . . . 7.81 ± 0.20 7.96 ± 0.09 . . . . . . . . .
WR124 . . . . . . 8.71 ± 0.19 . . . . . . . . . . . .
WR125 8.56 ± 0.01 . . . 8.53 ± 0.19 8.86 ± 0.02 . . . . . . . . .
WR134 8.36 ± 0.02 . . . 8.35 ± 0.19 8.66 ± 0.02 . . . . . . . . .
WR136 8.81 ± 0.01 . . . 8.65 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR137 8.29 ± 0.09 . . . 8.33 ± 0.20 8.59 ± 0.09 . . . . . . . . .
WR138 8.47 ± 0.02 . . . 8.46 ± 0.19 8.77 ± 0.02 . . . . . . . . .
WR140 8.67 ± 0.03 . . . 8.57 ± 0.19 8.97 ± 0.03 . . . . . . . . .
WR141 . . . . . . 8.38 ± 0.19 . . . . . . . . . . . .
WR142 8.69 ± 0.03 . . . 8.52 ± 0.19 8.99 ± 0.03 . . . . . . . . .
WR143 8.33 ± 0.01 8.32 ± 0.02 8.13 ± 0.19 8.63 ± 0.01 6.93 ± 0.15 6.01 ± 0.07 7.64 ± 0.12
WR144 8.81 ± 0.01 . . . 8.64 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR145 . . . . . . 8.41 ± 0.19 . . . . . . . . . . . .
WR146 8.65 ± 0.01 . . . 8.53 ± 0.19 8.95 ± 0.01 . . . . . . . . .
WR147 . . . 8.34 ± 0.02 8.35 ± 0.19 . . . 7.23 ± 0.12 6.04 ± 0.06 7.61 ± 0.17
WR150 9.01 ± 0.01 . . . 8.72 ± 0.19 9.31 ± 0.01 . . . . . . . . .
WR151 . . . . . . 8.73 ± 0.19 . . . . . . . . . . . .
WR152 8.33 ± 0.02 . . . 8.35 ± 0.19 8.63 ± 0.02 . . . . . . . . .
WR153 8.17 ± 0.01 8.17 ± 0.01 8.15 ± 0.19 . . . 6.84 ± 0.07 5.58 ± 0.06 7.46 ± 0.07
WR154 8.16 ± 0.02 8.16 ± 0.02 8.24 ± 0.19 8.60 ± 0.16 6.89 ± 0.14 5.85 ± 0.10 7.35 ± 0.14
WR155 8.25 ± 0.01 8.25 ± 0.01 8.00 ± 0.19 . . . 6.72 ± 0.11 5.88 ± 0.05 7.52 ± 0.07
WR156 8.18 ± 0.02 8.18 ± 0.02 8.27 ± 0.19 8.56 ± 0.09 6.93 ± 0.12 5.83 ± 0.07 7.44 ± 0.10
WR157 . . . 8.34 ± 0.01 8.18 ± 0.19 . . . 6.95 ± 0.07 6.04 ± 0.04 7.58 ± 0.07
WR158 . . . . . . 8.47 ± 0.19 . . . . . . . . . . . .
WR159 . . . . . . 8.59 ± 0.19 . . . . . . . . . . . .
WR160 8.75 ± 0.05 . . . 8.58 ± 0.19 9.05 ± 0.05 . . . . . . . . .
WR161 8.09 ± 0.02 8.09 ± 0.02 8.23 ± 0.19 8.28 ± 0.32 6.74 ± 0.12 5.98 ± 0.12 7.06 ± 0.16
WR163 8.68 ± 0.01 . . . 8.52 ± 0.19 8.98 ± 0.01 . . . . . . . . .
WR164 8.61 ± 0.01 . . . 8.48 ± 0.19 8.91 ± 0.01 . . . . . . . . .
WR166 8.31 ± 0.02 . . . 8.18 ± 0.19 8.61 ± 0.02 . . . . . . . . .
WR168 8.60 ± 0.06 . . . 8.47 ± 0.19 8.90 ± 0.06 . . . . . . . . .
WR169 8.57 ± 0.05 . . . 8.52 ± 0.19 8.87 ± 0.05 . . . . . . . . .
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR170 . . . . . . 8.49 ± 0.19 . . . . . . . . . . . .
WR171 8.28 ± 0.02 8.32 ± 0.01 8.15 ± 0.19 8.58 ± 0.02 6.88 ± 0.10 5.98 ± 0.05 7.52 ± 0.07
WR172 7.33 ± 0.02 7.33 ± 0.02 7.94 ± 0.20 7.67 ± 0.01 5.95 ± 0.10 5.36 ± 0.04 6.69 ± 0.07
WR173 8.31 ± 0.02 . . . 8.35 ± 0.19 8.61 ± 0.02 . . . . . . . . .
WR176 . . . . . . 8.27 ± 0.20 . . . . . . . . . . . .
WR177 8.42 ± 0.09 . . . 8.49 ± 0.19 8.72 ± 0.09 . . . . . . . . .
WR180 8.47 ± 0.05 . . . 8.53 ± 0.19 8.77 ± 0.05 . . . . . . . . .
WR181 8.54 ± 0.03 . . . 8.50 ± 0.19 8.84 ± 0.03 . . . . . . . . .
WR182 8.05 ± 0.01 8.05 ± 0.01 7.93 ± 0.19 . . . 6.67 ± 0.06 5.62 ± 0.03 7.35 ± 0.04
WR183 8.20 ± 0.01 8.20 ± 0.01 8.20 ± 0.19 . . . 6.91 ± 0.09 5.84 ± 0.05 7.48 ± 0.07
WR184 8.55 ± 0.01 . . . 8.38 ± 0.19 8.85 ± 0.01 . . . . . . . . .
WR185 9.01 ± 0.01 . . . 8.72 ± 0.19 9.31 ± 0.01 . . . . . . . . .
WR186 8.84 ± 0.03 . . . 8.62 ± 0.19 9.14 ± 0.03 . . . . . . . . .
WR187 . . . . . . 8.56 ± 0.19 . . . . . . . . . . . .
WR188 8.19 ± 0.01 8.19 ± 0.01 8.14 ± 0.20 . . . 6.82 ± 0.10 5.87 ± 0.06 7.44 ± 0.07
WR189 7.82 ± 0.01 7.82 ± 0.01 7.79 ± 0.20 7.91 ± 0.06 6.27 ± 0.16 5.42 ± 0.07 7.05 ± 0.05
WR190 8.71 ± 0.01 . . . 8.55 ± 0.19 9.01 ± 0.01 . . . . . . . . .
WR191 8.47 ± 0.02 . . . 8.44 ± 0.19 8.77 ± 0.02 . . . . . . . . .
WR192 . . . . . . 8.43 ± 0.19 . . . . . . . . . . . .
WR193 8.75 ± 0.01 . . . 8.50 ± 0.19 9.05 ± 0.01 . . . . . . . . .
WR195 8.04 ± 0.00 8.04 ± 0.00 7.83 ± 0.20 . . . 6.46 ± 0.12 5.62 ± 0.06 7.30 ± 0.04
WR196 . . . . . . 8.61 ± 0.19 . . . . . . . . . . . .
WR197 8.49 ± 0.06 . . . 8.31 ± 0.19 8.79 ± 0.06 . . . . . . . . .
WR199 7.98 ± 0.09 . . . 7.92 ± 0.21 8.03 ± 0.09 . . . . . . . . .
WR200 8.22 ± 0.01 8.22 ± 0.01 8.10 ± 0.19 . . . . . . . . . . . .
WR201 . . . . . . 8.53 ± 0.19 . . . . . . . . . . . .
WR202 . . . 8.35 ± 0.02 8.42 ± 0.19 . . . 7.27 ± 0.13 6.05 ± 0.07 7.53 ± 0.16
WR203 . . . . . . 8.48 ± 0.19 . . . . . . . . . . . .
WR204 8.24 ± 0.02 8.24 ± 0.02 8.45 ± 0.19 . . . 7.37 ± 0.13 5.88 ± 0.08 7.42 ± 0.19
WR205 . . . . . . 8.76 ± 0.19 . . . . . . . . . . . .
WR206 . . . . . . 8.41 ± 0.19 . . . . . . . . . . . .
WR207 8.49 ± 0.05 8.35 ± 0.02 8.27 ± 0.19 8.79 ± 0.05 7.23 ± 0.12 6.01 ± 0.07 7.63 ± 0.15
WR208 . . . . . . 8.55 ± 0.19 . . . . . . . . . . . .
WR211 . . . . . . 8.55 ± 0.19 . . . . . . . . . . . .
WR212 8.27 ± 0.02 8.27 ± 0.02 8.19 ± 0.19 . . . 6.90 ± 0.08 5.87 ± 0.06 7.56 ± 0.11
WR213 8.59 ± 0.02 . . . 8.37 ± 0.19 8.89 ± 0.02 . . . . . . . . .
WR215 8.61 ± 0.04 . . . 8.55 ± 0.19 8.91 ± 0.04 . . . . . . . . .
WR216 . . . 8.32 ± 0.01 8.18 ± 0.19 . . . 6.89 ± 0.07 5.87 ± 0.05 7.61 ± 0.08
WR217 8.76 ± 0.03 . . . 8.66 ± 0.19 9.06 ± 0.03 . . . . . . . . .
WR218 7.70 ± 0.02 7.70 ± 0.02 8.12 ± 0.19 8.27 ± 0.12 6.47 ± 0.11 5.78 ± 0.06 7.02 ± 0.08
WR219 8.40 ± 0.03 . . . 8.38 ± 0.19 8.70 ± 0.03 . . . . . . . . .
WR221 8.36 ± 0.02 . . . 8.37 ± 0.19 8.66 ± 0.02 . . . . . . . . .
WR222 8.61 ± 0.01 . . . 8.58 ± 0.19 8.91 ± 0.01 . . . . . . . . .
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR223 8.22 ± 0.01 8.22 ± 0.01 8.14 ± 0.19 . . . 6.84 ± 0.08 5.81 ± 0.07 7.53 ± 0.08
WR225 8.93 ± 0.01 . . . 8.47 ± 0.20 9.23 ± 0.01 . . . . . . . . .
WR226 8.96 ± 0.07 . . . 8.71 ± 0.19 9.26 ± 0.07 . . . . . . . . .
WR227 8.18 ± 0.18 . . . 8.33 ± 0.20 8.38 ± 0.18 . . . . . . . . .
WR228 8.08 ± 0.02 8.08 ± 0.02 8.11 ± 0.19 8.09 ± 0.09 6.70 ± 0.14 5.77 ± 0.09 7.33 ± 0.11
WR229 8.67 ± 0.02 . . . 8.55 ± 0.19 8.97 ± 0.02 . . . . . . . . .
WR230 8.74 ± 0.02 . . . 8.56 ± 0.19 9.04 ± 0.02 . . . . . . . . .
WR231 8.55 ± 0.01 . . . 8.45 ± 0.19 8.85 ± 0.01 . . . . . . . . .
WR232 8.17 ± 0.01 8.17 ± 0.01 8.07 ± 0.19 . . . 6.71 ± 0.09 5.82 ± 0.05 7.46 ± 0.06
WR233 8.33 ± 0.01 . . . 8.29 ± 0.19 8.63 ± 0.01 . . . . . . . . .
WR234 8.65 ± 0.04 . . . 8.57 ± 0.19 8.95 ± 0.04 . . . . . . . . .
WR235 8.28 ± 0.02 8.28 ± 0.02 8.45 ± 0.19 . . . 7.37 ± 0.12 5.96 ± 0.08 7.47 ± 0.18
WR238 8.21 ± 0.01 8.21 ± 0.01 8.35 ± 0.19 . . . 7.25 ± 0.03 5.83 ± 0.03 7.52 ± 0.03
WR239 8.67 ± 0.01 . . . 8.53 ± 0.19 8.97 ± 0.01 . . . . . . . . .
WR240 8.16 ± 0.02 8.16 ± 0.02 8.25 ± 0.19 8.61 ± 0.04 6.96 ± 0.11 5.82 ± 0.10 7.38 ± 0.14
WR241 8.67 ± 0.02 . . . 8.55 ± 0.19 8.97 ± 0.02 . . . . . . . . .
WR243 8.25 ± 0.02 8.25 ± 0.02 8.14 ± 0.19 . . . 6.90 ± 0.11 5.89 ± 0.06 7.56 ± 0.09
WR244 8.47 ± 0.03 . . . 8.36 ± 0.19 8.77 ± 0.03 . . . . . . . . .
WR245 7.86 ± 0.01 7.86 ± 0.01 8.04 ± 0.19 . . . 6.44 ± 0.06 5.68 ± 0.04 7.27 ± 0.04
WR246 . . . . . . 8.66 ± 0.19 . . . . . . . . . . . .
WR247 8.55 ± 0.01 . . . 8.48 ± 0.19 8.85 ± 0.01 . . . . . . . . .
WR248 7.96 ± 0.03 7.96 ± 0.03 7.50 ± 0.22 . . . 7.42 ± 8.17 5.98 ± 7.79 8.37 ± 4.74
WR249 8.81 ± 0.04 . . . 8.63 ± 0.19 9.11 ± 0.04 . . . . . . . . .
WR250 8.33 ± 0.01 . . . 8.21 ± 0.19 8.63 ± 0.01 . . . . . . . . .
WR251 8.67 ± 0.01 . . . 8.51 ± 0.19 8.97 ± 0.01 . . . . . . . . .
WR252 8.54 ± 0.02 . . . 8.37 ± 0.19 8.84 ± 0.02 . . . . . . . . .
WR253 8.11 ± 0.01 8.11 ± 0.01 8.17 ± 0.22 . . . 7.20 ± 0.07 5.68 ± 0.04 7.68 ± 0.04
WR255 . . . . . . 8.41 ± 0.19 . . . . . . . . . . . .
WR256 8.52 ± 0.06 8.45 ± 0.02 8.40 ± 0.19 8.82 ± 0.06 7.24 ± 0.18 6.15 ± 0.07 7.65 ± 0.16
WR257 . . . . . . 8.52 ± 0.19 . . . . . . . . . . . .
WR258 8.83 ± 0.01 . . . 8.63 ± 0.19 9.13 ± 0.01 . . . . . . . . .
WR259 7.30 ± 0.03 7.30 ± 0.03 7.84 ± 0.27 . . . 6.78 ± 0.18 4.59 ± 0.14 7.44 ± 0.16
WR260 8.44 ± 0.07 . . . 8.45 ± 0.19 8.74 ± 0.07 . . . . . . . . .
WR262 . . . . . . 8.47 ± 0.20 . . . . . . . . . . . .
WR263 . . . . . . 8.52 ± 0.19 . . . . . . . . . . . .
WR264 8.20 ± 0.01 8.20 ± 0.01 8.15 ± 0.19 . . . 7.11 ± 0.04 5.76 ± 0.03 7.49 ± 0.04
WR266 8.17 ± 0.03 8.17 ± 0.03 8.35 ± 0.19 8.69 ± 0.02 7.12 ± 0.18 5.91 ± 0.12 7.41 ± 0.18
WR267 8.55 ± 0.02 . . . 8.58 ± 0.19 8.85 ± 0.02 . . . . . . . . .
WR268 . . . . . . 8.35 ± 0.19 . . . . . . . . . . . .
WR269 8.51 ± 0.05 . . . 8.47 ± 0.19 8.81 ± 0.05 . . . . . . . . .
WR270 8.77 ± 0.01 . . . 8.62 ± 0.19 9.07 ± 0.01 . . . . . . . . .
WR271 8.89 ± 0.01 . . . 8.60 ± 0.19 9.19 ± 0.01 . . . . . . . . .
WR272 . . . 8.39 ± 0.01 8.14 ± 0.19 . . . 7.02 ± 0.06 6.06 ± 0.02 7.58 ± 0.04
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR273 8.21 ± 0.01 8.21 ± 0.01 8.22 ± 0.20 . . . 6.84 ± 0.06 5.95 ± 0.04 7.45 ± 0.05
WR274 8.39 ± 0.06 . . . 8.34 ± 0.19 8.69 ± 0.06 . . . . . . . . .
WR275 8.15 ± 0.01 8.15 ± 0.01 8.16 ± 0.19 . . . 6.77 ± 0.04 5.62 ± 0.04 7.39 ± 0.05
WR276 . . . . . . 8.17 ± 0.19 . . . 6.37 ± 0.04 5.83 ± 0.04 7.63 ± 0.05
WR277 8.26 ± 0.01 8.26 ± 0.01 8.10 ± 0.19 8.48 ± 0.09 6.87 ± 0.10 5.92 ± 0.05 7.57 ± 0.08
WR278 8.79 ± 0.01 . . . 8.64 ± 0.19 9.09 ± 0.01 . . . . . . . . .
WR279 . . . . . . 8.51 ± 0.19 . . . . . . . . . . . .
WR281 8.41 ± 0.01 . . . 8.29 ± 0.19 8.71 ± 0.01 . . . . . . . . .
WR282 8.32 ± 0.02 . . . 8.37 ± 0.20 8.62 ± 0.02 . . . . . . . . .
WR283 8.26 ± 0.01 8.26 ± 0.01 8.22 ± 0.21 . . . 6.99 ± 0.08 6.13 ± 0.05 7.56 ± 0.06
WR284 8.85 ± 0.01 . . . 8.58 ± 0.19 9.15 ± 0.01 . . . . . . . . .
WR287 8.22 ± 0.01 8.22 ± 0.01 8.17 ± 0.19 . . . 6.86 ± 0.05 5.84 ± 0.04 7.53 ± 0.05
WR288 8.19 ± 0.13 . . . 8.28 ± 0.20 8.45 ± 0.13 . . . . . . . . .
WR291 . . . . . . 8.51 ± 0.19 . . . . . . . . . . . .
WR292 8.66 ± 0.02 . . . 8.58 ± 0.19 8.96 ± 0.02 . . . . . . . . .
WR293 8.52 ± 0.03 . . . 8.50 ± 0.19 8.82 ± 0.03 . . . . . . . . .
WR294 8.85 ± 0.01 . . . 8.50 ± 0.20 9.15 ± 0.01 . . . . . . . . .
WR295 7.50 ± 0.01 7.50 ± 0.01 7.66 ± 0.20 . . . 6.02 ± 0.15 5.13 ± 0.06 6.76 ± 0.05
WR296 . . . . . . 8.34 ± 0.19 . . . . . . . . . . . .
WR297 7.88 ± 0.07 . . . 8.07 ± 0.20 7.93 ± 0.07 . . . . . . . . .
WR299 8.59 ± 0.01 . . . 8.44 ± 0.19 8.89 ± 0.01 . . . . . . . . .
WR300 8.73 ± 0.01 . . . 8.59 ± 0.19 9.03 ± 0.01 . . . . . . . . .
WR301 8.69 ± 0.01 . . . 8.50 ± 0.19 8.99 ± 0.01 . . . . . . . . .
WR302 8.46 ± 0.02 . . . 8.48 ± 0.19 8.76 ± 0.02 . . . . . . . . .
WR304 . . . 8.42 ± 0.02 8.25 ± 0.19 . . . 7.07 ± 0.11 6.00 ± 0.04 7.60 ± 0.13
WR305 . . . 8.32 ± 0.02 8.26 ± 0.19 . . . 7.05 ± 0.10 5.97 ± 0.05 7.61 ± 0.11
WR306 8.26 ± 0.01 8.26 ± 0.01 8.21 ± 0.19 . . . 6.91 ± 0.07 5.90 ± 0.04 7.48 ± 0.07
WR307 8.22 ± 0.02 8.22 ± 0.02 8.17 ± 0.19 . . . 6.92 ± 0.11 5.88 ± 0.07 7.52 ± 0.11
WR308 8.04 ± 0.03 8.04 ± 0.03 7.72 ± 0.20 . . . 6.23 ± 0.21 5.87 ± 0.15 7.78 ± 0.21
WR309 . . . 8.44 ± 0.01 8.23 ± 0.19 . . . 7.04 ± 0.07 6.01 ± 0.03 7.64 ± 0.08
WR310 . . . . . . 8.42 ± 0.19 . . . . . . . . . . . .
WR311 8.10 ± 0.04 8.10 ± 0.04 8.25 ± 0.19 . . . 6.79 ± 0.48 5.86 ± 0.38 7.21 ± 0.39
WR313 . . . . . . 8.66 ± 0.19 . . . . . . . . . . . .
WR314 8.85 ± 0.01 . . . 8.67 ± 0.19 9.15 ± 0.01 . . . . . . . . .
WR315 8.68 ± 0.37 . . . 8.65 ± 0.19 8.98 ± 0.37 . . . . . . . . .
WR316 8.81 ± 0.06 . . . 8.57 ± 0.19 9.11 ± 0.06 . . . . . . . . .
WR317 8.90 ± 0.05 . . . 8.63 ± 0.19 9.20 ± 0.05 . . . . . . . . .
WR319 . . . . . . 8.70 ± 0.19 . . . . . . . . . . . .
WR322 . . . . . . 8.47 ± 0.19 . . . . . . . . . . . .
WR323 8.35 ± 0.03 . . . 8.32 ± 0.19 8.65 ± 0.03 . . . . . . . . .
WR324 7.99 ± 0.10 . . . 7.88 ± 0.20 8.04 ± 0.10 . . . . . . . . .
WR326 . . . . . . 8.42 ± 0.19 . . . . . . . . . . . .
WR327 8.88 ± 0.03 . . . 8.59 ± 0.19 9.18 ± 0.03 . . . . . . . . .
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR328 8.53 ± 0.06 . . . 8.32 ± 0.19 8.83 ± 0.06 . . . . . . . . .
WR329 8.23 ± 0.02 8.23 ± 0.02 8.21 ± 0.19 . . . 6.92 ± 0.08 5.99 ± 0.05 7.36 ± 0.08
WR330 8.37 ± 0.03 . . . 8.36 ± 0.19 8.67 ± 0.03 . . . . . . . . .
WR331 . . . . . . 8.40 ± 0.19 . . . . . . . . . . . .
WR334 8.39 ± 0.03 . . . 8.31 ± 0.19 8.69 ± 0.03 . . . . . . . . .
WR336 . . . . . . 8.30 ± 0.19 . . . . . . . . . . . .
WR337 8.88 ± 0.05 . . . 8.64 ± 0.19 9.18 ± 0.05 . . . . . . . . .
WR339 8.56 ± 0.05 . . . 8.47 ± 0.19 8.86 ± 0.05 . . . . . . . . .
WR340 8.09 ± 0.01 8.09 ± 0.01 7.90 ± 0.18 . . . 6.68 ± 0.14 5.78 ± 0.07 7.39 ± 0.06
WR341 7.93 ± 0.01 7.93 ± 0.01 8.11 ± 0.19 . . . 6.64 ± 0.05 5.56 ± 0.04 7.27 ± 0.05
WR343 8.28 ± 0.06 . . . 8.39 ± 0.19 8.58 ± 0.06 . . . . . . . . .
WR344 8.42 ± 0.02 . . . 8.38 ± 0.19 8.72 ± 0.02 . . . . . . . . .
WR345 8.73 ± 0.04 . . . 8.56 ± 0.19 9.03 ± 0.04 . . . . . . . . .
WR346 8.52 ± 0.02 . . . 8.51 ± 0.19 8.82 ± 0.02 . . . . . . . . .
WR348 8.56 ± 0.06 . . . 8.57 ± 0.20 8.86 ± 0.06 . . . . . . . . .
WR350 . . . . . . 8.60 ± 0.20 . . . . . . . . . . . .
WR351 8.51 ± 0.03 . . . 8.47 ± 0.19 8.81 ± 0.03 . . . . . . . . .
WR352 8.58 ± 0.09 . . . 8.54 ± 0.19 8.88 ± 0.09 . . . . . . . . .
WR353 8.33 ± 0.01 . . . 8.24 ± 0.19 8.63 ± 0.01 . . . . . . . . .
WR354 . . . 8.35 ± 0.01 8.17 ± 0.19 . . . 6.98 ± 0.06 6.05 ± 0.04 7.64 ± 0.04
WR356 . . . . . . 8.40 ± 0.19 . . . . . . . . . . . .
WR358 . . . . . . 8.42 ± 0.19 . . . . . . . . . . . .
WR359 8.33 ± 0.02 . . . 8.31 ± 0.19 8.63 ± 0.02 . . . . . . . . .
WR361 8.49 ± 0.01 . . . 8.43 ± 0.18 8.79 ± 0.01 . . . . . . . . .
WR362 8.88 ± 0.03 . . . 8.59 ± 0.18 9.18 ± 0.03 . . . . . . . . .
WR363 8.81 ± 0.01 . . . 8.44 ± 0.18 9.11 ± 0.01 . . . . . . . . .
WR364 8.23 ± 0.01 8.23 ± 0.01 8.00 ± 0.19 8.71 ± 0.01 6.72 ± 0.09 5.95 ± 0.05 7.52 ± 0.06
WR365 8.40 ± 0.01 . . . 8.46 ± 0.19 8.70 ± 0.01 . . . . . . . . .
WR366 8.77 ± 0.02 . . . 8.66 ± 0.19 9.07 ± 0.02 . . . . . . . . .
WR368 8.40 ± 0.02 . . . 8.45 ± 0.19 8.70 ± 0.02 . . . . . . . . .
WR369 8.12 ± 0.09 . . . 8.22 ± 0.22 8.17 ± 0.09 . . . . . . . . .
WR372 . . . . . . 8.53 ± 0.18 . . . . . . . . . . . .
WR373 . . . . . . 8.69 ± 0.19 . . . . . . . . . . . .
WR374 8.47 ± 0.01 . . . 8.41 ± 0.18 8.77 ± 0.01 . . . . . . . . .
WR375 8.72 ± 0.03 . . . 8.59 ± 0.19 9.02 ± 0.03 . . . . . . . . .
WR376 8.47 ± 0.01 . . . 8.52 ± 0.19 8.77 ± 0.01 . . . . . . . . .
WR377 8.27 ± 0.02 8.27 ± 0.02 8.43 ± 0.19 8.85 ± 0.01 7.27 ± 0.10 5.89 ± 0.07 7.49 ± 0.15
WR378 8.33 ± 0.01 . . . 8.20 ± 0.19 8.63 ± 0.01 . . . . . . . . .
WR380 8.13 ± 0.01 8.13 ± 0.01 8.32 ± 0.19 8.56 ± 0.08 6.76 ± 0.09 5.89 ± 0.06 7.40 ± 0.07
WR381 8.85 ± 0.01 . . . 8.68 ± 0.19 9.15 ± 0.01 . . . . . . . . .
WR382 8.19 ± 0.02 8.19 ± 0.02 8.05 ± 0.20 8.00 ± 0.09 6.75 ± 0.16 5.85 ± 0.08 7.49 ± 0.09
WR383 8.43 ± 0.01 . . . 8.43 ± 0.19 8.73 ± 0.01 . . . . . . . . .
WR384 8.21 ± 0.01 8.21 ± 0.01 8.05 ± 0.19 8.43 ± 0.08 6.71 ± 0.07 5.78 ± 0.05 7.54 ± 0.05
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR385 8.18 ± 0.01 8.18 ± 0.01 8.00 ± 0.19 8.00 ± 0.16 6.65 ± 0.06 5.83 ± 0.03 7.40 ± 0.03
WR387 8.85 ± 0.01 . . . 8.58 ± 0.18 9.15 ± 0.01 . . . . . . . . .
WR388 8.89 ± 0.01 . . . 8.60 ± 0.19 9.19 ± 0.01 . . . . . . . . .
WR390 . . . . . . 8.57 ± 0.19 . . . . . . . . . . . .
WR391 8.37 ± 0.02 8.31 ± 0.02 8.27 ± 0.19 8.67 ± 0.02 7.00 ± 0.10 5.90 ± 0.07 7.58 ± 0.13
WR392 8.69 ± 0.01 . . . 8.60 ± 0.18 8.99 ± 0.01 . . . . . . . . .
WR393 8.63 ± 0.04 . . . 8.51 ± 0.18 8.93 ± 0.04 . . . . . . . . .
WR394 8.26 ± 0.01 8.26 ± 0.01 8.23 ± 0.19 8.65 ± 0.01 6.92 ± 0.06 5.86 ± 0.05 7.54 ± 0.07
WR395 8.76 ± 0.02 . . . 8.59 ± 0.19 9.06 ± 0.02 . . . . . . . . .
WR396 8.28 ± 0.01 8.28 ± 0.01 8.22 ± 0.19 8.59 ± 0.02 6.99 ± 0.05 5.88 ± 0.04 7.55 ± 0.07
WR397 8.11 ± 0.01 8.11 ± 0.01 8.14 ± 0.19 8.43 ± 0.06 6.78 ± 0.10 5.80 ± 0.06 7.33 ± 0.08
WR398 8.55 ± 0.01 . . . 8.50 ± 0.19 8.85 ± 0.01 . . . . . . . . .
WR399 8.57 ± 0.01 . . . 8.52 ± 0.19 8.87 ± 0.01 . . . . . . . . .
WR400 8.43 ± 0.01 . . . 8.40 ± 0.19 8.73 ± 0.01 . . . . . . . . .
WR401 8.81 ± 0.01 . . . 8.61 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR402 8.39 ± 0.03 8.32 ± 0.02 8.17 ± 0.19 8.69 ± 0.03 6.99 ± 0.14 5.97 ± 0.07 7.62 ± 0.11
WR403 8.35 ± 0.02 8.36 ± 0.02 8.32 ± 0.19 8.65 ± 0.02 7.11 ± 0.12 5.98 ± 0.06 7.57 ± 0.13
WR404 8.20 ± 0.01 8.20 ± 0.01 8.24 ± 0.19 8.43 ± 0.07 6.93 ± 0.08 5.88 ± 0.05 7.47 ± 0.09
WR405 8.35 ± 0.04 . . . 8.38 ± 0.19 8.65 ± 0.04 . . . . . . . . .
WR407 8.19 ± 0.01 8.19 ± 0.01 8.28 ± 0.19 8.69 ± 0.01 7.06 ± 0.09 5.92 ± 0.06 7.45 ± 0.10
WR408 8.19 ± 0.09 . . . 8.26 ± 0.20 8.42 ± 0.09 . . . . . . . . .
WR409 8.26 ± 0.01 8.26 ± 0.01 8.24 ± 0.19 8.61 ± 0.04 6.98 ± 0.05 5.87 ± 0.04 7.58 ± 0.07
WR411 8.79 ± 0.01 . . . 8.59 ± 0.19 9.09 ± 0.01 . . . . . . . . .
WR412 8.38 ± 0.01 8.31 ± 0.02 8.27 ± 0.19 8.68 ± 0.01 7.07 ± 0.12 5.98 ± 0.06 7.53 ± 0.13
WR413 8.61 ± 0.01 . . . 8.44 ± 0.18 8.91 ± 0.01 . . . . . . . . .
WR414 8.79 ± 0.01 . . . 8.60 ± 0.19 9.09 ± 0.01 . . . . . . . . .
WR415 8.07 ± 0.01 8.07 ± 0.01 7.92 ± 0.19 7.95 ± 0.06 6.60 ± 0.09 5.73 ± 0.05 7.39 ± 0.05
WR417 8.59 ± 0.01 . . . 8.55 ± 0.19 8.89 ± 0.01 . . . . . . . . .
WR418 8.45 ± 0.02 . . . 8.38 ± 0.19 8.75 ± 0.02 . . . . . . . . .
WR420 8.17 ± 0.19 . . . 8.04 ± 0.19 8.29 ± 0.19 . . . . . . . . .
WR421 8.53 ± 0.01 . . . 8.39 ± 0.18 8.83 ± 0.01 . . . . . . . . .
WR422 8.84 ± 0.01 . . . 8.64 ± 0.18 9.14 ± 0.01 . . . . . . . . .
WR424 8.57 ± 0.01 . . . 8.56 ± 0.19 8.87 ± 0.01 . . . . . . . . .
WR425 8.25 ± 0.02 8.25 ± 0.02 8.27 ± 0.19 8.70 ± 0.01 7.08 ± 0.14 6.00 ± 0.07 7.40 ± 0.14
WR426 8.41 ± 0.01 . . . 8.30 ± 0.19 8.71 ± 0.01 . . . . . . . . .
WR427 7.91 ± 0.01 7.91 ± 0.01 8.06 ± 0.19 8.40 ± 0.12 6.50 ± 0.09 5.70 ± 0.06 7.31 ± 0.07
WR428 8.58 ± 0.02 . . . 8.53 ± 0.19 8.88 ± 0.02 . . . . . . . . .
WR429 8.26 ± 0.02 8.26 ± 0.02 8.22 ± 0.19 8.59 ± 0.02 6.98 ± 0.11 5.88 ± 0.09 7.55 ± 0.15
WR430 8.55 ± 0.01 . . . 8.58 ± 0.19 8.85 ± 0.01 . . . . . . . . .
WR431 8.28 ± 0.02 8.28 ± 0.02 8.33 ± 0.19 . . . 7.13 ± 0.13 5.94 ± 0.10 7.55 ± 0.18
WR432 8.75 ± 0.01 . . . 8.63 ± 0.19 9.05 ± 0.01 . . . . . . . . .
WR433 . . . . . . 8.61 ± 0.19 . . . . . . . . . . . .
WR434 8.41 ± 0.02 . . . 8.34 ± 0.19 8.71 ± 0.02 . . . . . . . . .
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR435 8.67 ± 0.01 . . . 8.54 ± 0.18 8.97 ± 0.01 . . . . . . . . .
WR436 8.63 ± 0.01 . . . 8.49 ± 0.19 8.93 ± 0.01 . . . . . . . . .
WR437 . . . . . . 8.59 ± 0.19 . . . . . . . . . . . .
WR440 8.20 ± 0.01 8.20 ± 0.01 8.00 ± 0.19 8.43 ± 0.09 6.71 ± 0.09 5.69 ± 0.05 7.52 ± 0.05
WR441 8.47 ± 0.02 . . . 8.41 ± 0.19 8.77 ± 0.02 . . . . . . . . .
WR442 8.72 ± 0.03 . . . 8.62 ± 0.19 9.02 ± 0.03 . . . . . . . . .
WR443 8.19 ± 0.12 . . . 8.17 ± 0.19 8.45 ± 0.12 . . . . . . . . .
WR445 . . . . . . 8.74 ± 0.19 . . . . . . . . . . . .
WR448 . . . . . . 8.72 ± 0.19 . . . . . . . . . . . .
WR449 8.37 ± 0.02 . . . 8.35 ± 0.19 8.67 ± 0.02 . . . . . . . . .
WR450 . . . . . . 8.66 ± 0.19 . . . . . . . . . . . .
WR452 8.83 ± 0.01 . . . 8.63 ± 0.19 9.13 ± 0.01 . . . . . . . . .
WR453 8.68 ± 0.11 . . . 8.54 ± 0.23 8.98 ± 0.11 . . . . . . . . .
WR454 8.75 ± 0.01 . . . 8.59 ± 0.19 9.05 ± 0.01 . . . . . . . . .
WR455 8.79 ± 0.02 . . . 8.60 ± 0.19 9.09 ± 0.02 . . . . . . . . .
WR456 8.85 ± 0.01 . . . 8.70 ± 0.19 9.15 ± 0.01 . . . . . . . . .
WR457 8.78 ± 0.03 . . . 8.63 ± 0.19 9.08 ± 0.03 . . . . . . . . .
WR458 8.23 ± 0.01 8.23 ± 0.01 8.25 ± 0.19 8.60 ± 0.03 6.91 ± 0.06 5.69 ± 0.06 7.50 ± 0.08
WR459 8.12 ± 0.02 8.12 ± 0.02 8.29 ± 0.19 8.59 ± 0.02 6.87 ± 0.08 5.79 ± 0.06 7.33 ± 0.08
WR460 8.22 ± 0.02 8.22 ± 0.02 8.23 ± 0.19 8.63 ± 0.01 6.99 ± 0.11 5.86 ± 0.06 7.53 ± 0.10
WR461 8.32 ± 0.13 . . . 8.12 ± 0.20 8.62 ± 0.13 . . . . . . . . .
WR462 8.14 ± 0.01 8.14 ± 0.01 7.83 ± 0.20 8.03 ± 0.12 6.57 ± 0.13 5.67 ± 0.06 7.38 ± 0.05
WR463 8.56 ± 0.02 . . . 8.50 ± 0.19 8.86 ± 0.02 . . . . . . . . .
WR464 8.83 ± 0.01 . . . 8.60 ± 0.19 9.13 ± 0.01 . . . . . . . . .
WR465 8.49 ± 0.01 . . . 8.47 ± 0.19 8.79 ± 0.01 . . . . . . . . .
WR467 8.77 ± 0.01 . . . 8.64 ± 0.19 9.07 ± 0.01 . . . . . . . . .
WR468 8.18 ± 0.15 . . . 8.28 ± 0.23 8.40 ± 0.15 . . . . . . . . .
WR471 8.08 ± 0.01 8.08 ± 0.01 8.11 ± 0.19 8.55 ± 0.01 6.71 ± 0.04 5.62 ± 0.04 7.35 ± 0.04
WR472 8.74 ± 0.06 . . . 8.54 ± 0.19 9.04 ± 0.06 . . . . . . . . .
WR473 8.14 ± 0.01 8.14 ± 0.01 8.05 ± 0.19 8.57 ± 0.06 6.75 ± 0.05 5.76 ± 0.03 7.48 ± 0.03
WR474 8.53 ± 0.01 . . . 8.44 ± 0.19 8.83 ± 0.01 . . . . . . . . .
WR475 8.77 ± 0.01 . . . 8.60 ± 0.19 9.07 ± 0.01 . . . . . . . . .
WR477 8.65 ± 0.01 . . . 8.53 ± 0.19 8.95 ± 0.01 . . . . . . . . .
WR478 8.24 ± 0.01 8.24 ± 0.01 8.53 ± 0.19 . . . 7.22 ± 0.09 5.87 ± 0.09 7.44 ± 0.15
WR479 8.14 ± 0.02 8.14 ± 0.02 8.19 ± 0.19 8.57 ± 0.01 6.85 ± 0.15 5.82 ± 0.12 7.41 ± 0.15
WR480 8.30 ± 0.01 8.30 ± 0.01 8.11 ± 0.19 8.62 ± 0.02 6.76 ± 0.05 5.98 ± 0.03 7.47 ± 0.04
WR482 7.88 ± 0.01 7.88 ± 0.01 7.82 ± 0.23 . . . 6.39 ± 0.08 5.41 ± 0.05 7.35 ± 0.04
WR484 8.47 ± 0.04 . . . 8.52 ± 0.19 8.77 ± 0.04 . . . . . . . . .
WR485 8.89 ± 0.01 . . . 8.69 ± 0.19 9.19 ± 0.01 . . . . . . . . .
WR486 8.57 ± 0.02 . . . 8.55 ± 0.19 8.87 ± 0.02 . . . . . . . . .
WR487 8.81 ± 0.01 . . . 8.55 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR488 8.79 ± 18.78 . . . 8.70 ± 0.19 9.09 ± 19.08 . . . . . . . . .
WR489 . . . . . . 8.47 ± 0.19 . . . . . . . . . . . .
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR490 8.35 ± 0.04 . . . 8.38 ± 0.19 8.65 ± 0.04 . . . . . . . . .
WR492 8.83 ± 0.01 . . . 8.63 ± 0.19 9.13 ± 0.01 . . . . . . . . .
WR493 . . . . . . 8.67 ± 0.19 . . . . . . . . . . . .
WR495 8.81 ± 0.01 . . . 8.66 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR496 8.45 ± 0.01 . . . 8.55 ± 0.19 8.75 ± 0.01 . . . . . . . . .
WR498 8.53 ± 0.04 . . . 8.54 ± 0.19 8.83 ± 0.04 . . . . . . . . .
WR499 8.27 ± 0.03 . . . 8.26 ± 0.19 8.57 ± 0.03 . . . . . . . . .
WR500 8.85 ± 0.01 . . . 8.67 ± 0.19 9.15 ± 0.01 . . . . . . . . .
WR501 8.61 ± 0.07 . . . 8.52 ± 0.19 8.91 ± 0.07 . . . . . . . . .
WR502 8.39 ± 0.02 8.32 ± 0.01 8.33 ± 0.19 8.69 ± 0.02 7.12 ± 0.05 5.93 ± 0.04 7.61 ± 0.07
WR503 8.49 ± 0.01 . . . 8.49 ± 0.19 8.79 ± 0.01 . . . . . . . . .
WR504 8.45 ± 0.01 . . . 8.45 ± 0.19 8.75 ± 0.01 . . . . . . . . .
WR505 8.11 ± 0.01 8.11 ± 0.01 8.16 ± 0.19 8.63 ± 0.01 6.80 ± 0.09 5.73 ± 0.07 7.38 ± 0.08
WR506 8.21 ± 0.02 8.21 ± 0.02 8.38 ± 0.19 8.68 ± 0.01 7.07 ± 0.12 5.94 ± 0.11 7.37 ± 0.19
WR507 8.65 ± 0.01 . . . 8.58 ± 0.19 8.95 ± 0.01 . . . . . . . . .
WR508 8.38 ± 0.02 . . . 8.33 ± 0.19 8.68 ± 0.02 . . . . . . . . .
WR509 8.75 ± 0.02 . . . 8.63 ± 0.19 9.05 ± 0.02 . . . . . . . . .
WR510 8.55 ± 0.01 . . . 8.42 ± 0.19 8.85 ± 0.01 . . . . . . . . .
WR512 8.35 ± 0.01 . . . 8.39 ± 0.19 8.65 ± 0.01 . . . . . . . . .
WR514 8.40 ± 0.05 . . . 8.37 ± 0.19 8.70 ± 0.05 . . . . . . . . .
WR515 8.51 ± 0.03 8.34 ± 0.02 8.42 ± 0.19 8.81 ± 0.03 7.21 ± 0.12 6.01 ± 0.05 7.41 ± 0.17
WR516 8.53 ± 0.01 . . . 8.46 ± 0.19 8.83 ± 0.01 . . . . . . . . .
WR517 8.77 ± 0.01 . . . 8.62 ± 0.19 9.07 ± 0.01 . . . . . . . . .
WR518 . . . . . . 8.28 ± 0.23 . . . . . . . . . . . .
WR519 8.71 ± 0.01 . . . 8.55 ± 0.19 9.01 ± 0.01 . . . . . . . . .
WR520 8.49 ± 0.01 . . . 8.46 ± 0.19 8.79 ± 0.01 . . . . . . . . .
WR522 8.44 ± 0.02 . . . 8.42 ± 0.19 8.74 ± 0.02 . . . . . . . . .
WR523 8.41 ± 0.01 . . . 8.26 ± 0.19 8.71 ± 0.01 . . . . . . . . .
WR524 7.85 ± 0.02 7.85 ± 0.02 8.44 ± 0.19 8.83 ± 0.02 7.12 ± 0.14 5.76 ± 0.14 7.11 ± 0.17
WR525 . . . . . . 8.51 ± 0.20 . . . . . . . . . . . .
WR526 8.59 ± 0.01 . . . 8.36 ± 0.19 8.89 ± 0.01 . . . . . . . . .
WR528 8.87 ± 0.01 . . . 8.64 ± 0.19 9.17 ± 0.01 . . . . . . . . .
WR529 8.54 ± 0.03 . . . 8.57 ± 0.20 8.84 ± 0.03 . . . . . . . . .
WR530 8.77 ± 0.01 . . . 8.63 ± 0.19 9.07 ± 0.01 . . . . . . . . .
WR532 8.20 ± 0.02 8.20 ± 0.02 8.28 ± 0.19 8.50 ± 0.07 6.92 ± 0.10 5.87 ± 0.07 7.44 ± 0.12
WR533 8.41 ± 0.01 . . . 8.41 ± 0.19 8.71 ± 0.01 . . . . . . . . .
WR536 8.99 ± 0.01 . . . 8.62 ± 0.19 9.29 ± 0.01 . . . . . . . . .
WR539 8.18 ± 0.01 8.18 ± 0.01 8.20 ± 0.19 8.59 ± 0.01 6.96 ± 0.14 5.88 ± 0.08 7.48 ± 0.10
WR540 8.75 ± 18.74 . . . 8.67 ± 0.19 9.05 ± 19.04 . . . . . . . . .
WR541 8.22 ± 0.02 8.22 ± 0.02 8.25 ± 0.19 8.61 ± 0.04 7.00 ± 0.11 5.84 ± 0.07 7.49 ± 0.11
WR542 8.65 ± 0.02 . . . 8.57 ± 0.19 8.95 ± 0.02 . . . . . . . . .
WR543 . . . . . . 8.62 ± 0.19 . . . . . . . . . . . .
WR544 8.53 ± 0.01 8.35 ± 0.02 8.44 ± 0.19 8.83 ± 0.01 7.21 ± 0.12 5.92 ± 0.08 7.57 ± 0.19
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Table 5. continued.
Running ID 12 + Log O/H 12 + Log N/H 12 + Log Ar/H 12 + Log Ne/H
Mixed Te PP CL01
WR545 8.67 ± 0.01 . . . 8.46 ± 0.19 8.97 ± 0.01 . . . . . . . . .
WR546 8.33 ± 0.02 . . . 8.36 ± 0.19 8.63 ± 0.02 . . . . . . . . .
WR547 8.89 ± 0.01 . . . 8.73 ± 0.19 9.19 ± 0.01 . . . . . . . . .
WR548 8.68 ± 0.03 . . . 8.48 ± 0.19 8.98 ± 0.03 . . . . . . . . .
WR549 8.44 ± 0.03 . . . 8.42 ± 0.19 8.74 ± 0.03 . . . . . . . . .
WR550 8.29 ± 0.02 . . . 8.24 ± 0.19 8.59 ± 0.02 . . . . . . . . .
WR552 8.61 ± 0.01 . . . 8.58 ± 0.19 8.91 ± 0.01 . . . . . . . . .
WR553 8.31 ± 0.02 . . . 8.32 ± 0.19 8.61 ± 0.02 . . . . . . . . .
WR554 7.85 ± 0.01 7.85 ± 0.01 7.81 ± 0.19 7.93 ± 0.01 6.33 ± 0.07 5.53 ± 0.02 7.09 ± 0.02
WR555 8.14 ± 0.01 8.14 ± 0.01 8.01 ± 0.19 8.14 ± 0.08 6.64 ± 0.09 5.73 ± 0.04 7.43 ± 0.04
WR556 8.20 ± 0.01 8.20 ± 0.01 8.15 ± 0.19 8.17 ± 0.12 6.72 ± 0.09 5.78 ± 0.06 7.42 ± 0.07
WR559 8.51 ± 0.01 . . . 8.49 ± 0.19 8.81 ± 0.01 . . . . . . . . .
WR560 8.09 ± 0.01 8.09 ± 0.01 8.09 ± 0.19 8.04 ± 0.12 6.59 ± 0.05 5.66 ± 0.06 7.31 ± 0.07
WR561 8.71 ± 0.01 . . . 8.52 ± 0.19 9.01 ± 0.01 . . . . . . . . .
WR563 8.67 ± 0.01 . . . 8.64 ± 0.19 8.97 ± 0.01 . . . . . . . . .
WR564 8.69 ± 0.02 . . . 8.61 ± 0.19 8.99 ± 0.02 . . . . . . . . .
WR565 8.75 ± 18.74 . . . 8.72 ± 0.19 9.05 ± 19.04 . . . . . . . . .
WR566 8.67 ± 0.01 . . . 8.57 ± 0.19 8.97 ± 0.01 . . . . . . . . .
WR567 8.84 ± 0.03 . . . 8.66 ± 0.19 9.14 ± 0.03 . . . . . . . . .
WR568 8.81 ± 0.01 . . . 8.64 ± 0.19 9.11 ± 0.01 . . . . . . . . .
WR569 8.50 ± 0.04 . . . 8.44 ± 0.19 8.80 ± 0.04 . . . . . . . . .
